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Abstract (English) 
The neighbourhood environment in which people live has gained increasing attention in 
epidemiological research. This dissertation investigated relationships between contextual 
neighbourhood factors and individual health with a focus on the built environment and its 
contribution to health inequalities on the neighbourhood level. Furthermore, this dissertation 
developed new approaches and applied new statistical methods to analyse environmental 
inequalities in an urban context with a particular focus on public green space and its 
distribution by socioeconomic neighbourhood characteristics. 
Firstly, in a systematic review multilevel studies which considered both neighbourhood 
socioeconomic position (SEP) and objectively measured factors of the built environment were 
assessed in order to disentangle their independent and interactive effects on individual health 
outcomes and health behaviours. Secondly, two multilevel analyses of cross-sectional data in 
the city of Munich investigated whether neighbourhood SEP, public playground and park 
space, and parentally perceived environmental exposures were independently associated with 
overweight in preschool aged children while simultaneously considering individual child and 
family factors. Thirdly, two ecological neighbourhood studies in the city of Dortmund and 
Munich were conducted to assess whether air and noise pollution and public green space were 
disproportionately distributed by the degree of neighbourhood deprivation. 
The systematic review identified a great heterogeneity of definitions applied and metrics 
being used for measuring built and socioeconomic neighbourhood variables. Mostly mixed 
results across multilevel studies on how built and socioeconomic neighbourhood 
environments were associated with health and health-related behaviours were found. 
Furthermore, the review identified several interactions between contextual neighbourhood 
factors and individual factors, mostly concerning sex or individual SEP. The two multilevel 
studies showed that in the case of childhood overweight individual factors, such as parental 
education or parental overweight, were the most important determinants. However, perceived 
and objective built environmental factors additionally explained overweight variance between 
neighbourhoods. The two ecological case studies found out that deprived neighbourhoods 
were more exposed to air pollution and low public green space availability than more affluent 
neighbourhoods. 
This dissertation recommends that apart from individual determinants policies and 
interventions targeting health promotion should consider the neighbourhood environment 
additionally. Moreover, a socioeconomic unequal distribution of environmental burdens and 
resources may result in amplifications of health inequalities within cities. There is a need for 
further studies considering multiple neighbourhood dimensions in order to analyse interactive 
and mediating pathways between contextual factors and individual health. The development 
of new approaches and methods for analysing and assessing environmental health inequalities 
will contribute to the reconnection of urban planning and public health. 
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Abstract (German) 
Kontextfaktoren im Stadtteil und deren gesundheitliche Bedeutung sind in der 
epidemiologischen Forschung zunehmend von Interesse. Diese Dissertation untersuchte 
Zusammenhänge zwischen kleinräumigen Faktoren der gebauten Umwelt und individueller 
Gesundheit und deren Beitrag zu gesundheitlichen Ungleichheiten in Städten. Des Weiteren 
wurden neue Verfahren und statistische Methoden zur Analyse von Umweltfaktoren, mit dem 
Fokus auf öffentliches Grün, und deren Verteilung nach sozioökonomischen Merkmalen von 
Stadtteilen angewandt. 
In einem systematischen Review wurden Multilevelstudien identifiziert, welche sowohl die 
sozioökonomische Position des Stadtteils als auch objektive Faktoren der gebauten Umwelt 
berücksichtigten, um sowohl deren unabhängigen als auch interaktiven Effekte auf die 
individuelle Gesundheit zu untersuchen. In zwei Multilevelanalysen mit Querschnittsdaten 
der Stadt München wurde des Weiteren analysiert inwieweit die sozioökonomische Position 
des Stadtteils, öffentliche Spielplätze und Parkanlagen, sowie subjektiv wahrgenommene 
Umweltbelastungen mit Übergewicht bei Kindern assoziiert waren. Wichtige kindliche und 
elterliche Faktoren wurden dabei simultan mitberücksichtigt. Darüber hinaus wurde in zwei 
ökologischen Studien in Dortmund und München untersucht inwieweit Luft– und 
Lärmverschmutzung, sowie die Verfügbarkeit von öffentlichen Grünflächen disproportional 
nach dem Grad der sozioökonomischen Benachteiligung von Stadtteilen verteilt waren. 
Der systematische Review identifizierte eine sehr große Heterogenität an Definitionen welche 
für die Berechnung der Variablen, insbesondere der gebauten Umwelt, verwendet wurden. 
Meist wurden gemischte Ergebnisse gefunden inwieweit die gebaute Umwelt und die 
sozioökonomische Position des Stadtteils mit gesundheitlichen Zielgrößen und 
Verhaltensweisen assoziiert waren. Darüber hinaus identifizierte der systematische Review 
eine Vielzahl an Interaktionen zwischen kontextuellen und individuellen Faktoren, meist das 
Geschlecht oder die individuelle sozioökonomische Position betreffend. Die zwei 
Multilevelanalysen zeigten, dass individuelle Faktoren, wie z.B. elterliche Bildung und 
elterliches Übergewicht, die wichtigsten Determinanten für kindliches Übergewicht waren. 
Jedoch klärten wahrgenommene und objektive Faktoren der gebauten Umwelt zusätzliche 
Varianz von Übergewicht zwischen Stadtteilen auf. Die zwei ökologischen Studien fanden 
eine sozioökonomisch ungleiche Verteilung von Luftverschmutzung und öffentlichen 
Grünflächen. 
Diese Dissertation empfiehlt, dass Strategien und Maßnahmen zur Gesundheitsförderung 
neben individuellen Determinanten auch zusätzlich Faktoren der unmittelbaren 
Stadtteilumwelt berücksichtigen sollten. Darüber hinaus kann eine sozioökonomisch 
ungleiche Verteilung von Umweltbelastungen und -ressourcen gesundheitliche 
Ungleichheiten im urbanen Raum verstärken. Weitere Studien sind notwendig, welche 
simultan unterschiedliche Dimensionen des Stadtteils berücksichtigen um sowohl 
interagierende als auch intermediäre Pfade zwischen Kontextfaktoren und individueller 
Gesundheit zu analysieren. Die Entwicklung neuer Methoden zur Analyse sozioökonomisch 
bedingter Ungleichheiten bei Umwelt und Gesundheit kann hierbei die transdisziplinäre 
Zusammenarbeit zwischen Stadtplanung und Public Health fördern. 
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1 Background 
1.1 Contextual approaches explaining health inequalities 
The inextricable link between socioeconomic inequalities and health inequalities is widely 
recognized and was proven in a large number of studies (Black et al., 1980; Marmot, 2005; 
Mielck, 2005; Siegrist & Marmot, 2006; Whitehead, 1987). Knowledge of mechanisms which 
explain socioeconomic inequalities in health are important for understanding and studying 
geographic health inequalities on the neighbourhood level. 
The term health inequalities has a descriptive character and should be distinguished from the 
term health inequities which includes normative concepts.  Health inequalities are defined as 
observed health differences between populations in general, such as different distributions of 
health outcomes between different socioeconomic groups. Health inequalities become 
inequities when they are perceived as unfair, unjust, and avoidable (WHO, 2016a, 2016c). 
Determining health inequalities as inequities comprises more than empirical evidence because 
it includes normative judgement. Society, politics, and science determine which part of health 
inequalities are judged as inequitable (Kawachi et al., 2002; Mielck, 2005). Therefore, the 
term health inequality is used in this dissertation. The epidemiological studies performed 
contribute to the scientific evidence on neighbourhood health inequalities. They do not 
include additional analyses to what extent observed geographic health inequalities are judged 
or perceived as health inequities. 
Moreover, the term socioeconomic position (SEP) is used in this dissertation. As suggested by 
Krieger et al. the term SEP combines actual economic and social resources with prestige-
based characteristics which relatively position individuals, households, or neighbourhoods in 
society (Krieger, 2001a; Krieger et al., 1997). To avoid discrepancies, the term SEP is 
differentiated from social factors or social environments in this dissertation which refer to 
social interactions between individuals in society, such as social cohesion, social capital, or 
collective efficacy (Diez Roux & Mair, 2010; Leventhal & Brooks-Gunn, 2000; Sampson et 
al., 1999; Sampson et al., 2002; Schreier & Chen, 2013).  
The term social determinants, introduced by the World Health Organization (WHO), is an 
exception as this term contains a more holistic perspective. The social determinants of health 
include “the conditions in which people are born, grow, work, live, and age, and the wider set 
of forces and systems shaping the conditions of daily life” (WHO, 2016b). Individual 
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behaviours, psychosocial mechanisms, and material factors were identified as the most 
important determinants which explain socioeconomic inequalities in health. 
Material explanations for socioeconomic inequalities in health look mainly at living 
conditions, resources for a healthy life, and availability of health services. Furthermore, 
material explanations assume that people with a low SEP are exposed to an unhealthy 
environment. Individual explanations for socioeconomic inequalities in health include 
behaviours, cultural characteristics, or psychosocial factors. It is hypothesized that people 
with a low SEP have more often unhealthy behaviours or a higher psychosocial workload 
(Richter & Hurrelmann, 2006). 
Various conceptual models have been developed describing pathways between socioeconomic 
and health inequalities and how determinants on various levels influence individual health. 
One of the first models describing various determinants of health was developed by Dahlgren 
and Whitehead (Dahlgren & Whitehead, 1991). Four main levels of determinants are imaged 
as layers on top of each other. The first overall layer represents main structural factors, such 
as general socioeconomic, environmental, or cultural conditions in society. The second layer 
includes living and working conditions, such as employment status or housing, followed by 
the third layer representing social and community factors, such as support through neighbours 
or friends. The last layer contains individual factors, such as behaviours, and the core 
represents factors which are assumed to be fixed, such as age or sex. Inspired by the rainbow 
model, Barton and Grant developed a health map reflecting the ecosystem of the human 
habitat with a particular focus on multilevel neighbourhood determinants influencing health 
and well-being (Barton & Grant, 2006). 
In Germany there are two conceptual models describing pathways of socioeconomic health 
inequalities which are important to mention. The models from Elkeles and Mielck and 
Steinkamp consider various factors on different levels which lead to health inequalities in 
societies (Elkeles & Mielck, 1993; Steinkamp, 1999). The macrolevel considers mainly 
factors which determine the SEP of people within a society assessed by income, education, or 
occupation. On the mesolevel material and social characteristics are considered as 
intermediating factors which in turn influence individual behaviours and finally individual 
health. The model by Steinkamp put more focus on the microlevel which contains individual 
factors, such as personal resources, coping strategies, or genetic factors. 
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The Commission on Social Determinants of Health initiated by the WHO developed a 
conceptual framework which comprises two main levels being responsible for health 
inequalities. The first level contains the structural determinants, defined by the wider 
socioeconomic and political context in society, which in turn determine the SEP of 
individuals. The second level, the so called intermediary determinants, contains mainly 
material circumstances, individual behaviours, and psychosocial factors. Social factors, such 
as social capital or social cohesion, are assumed to be linked with both levels (WHO, 2010).   
All these models presented above have important similarities. Firstly, all models involve a 
hierarchical structure with various contextual levels which individuals are exposed to 
determining their SEP, living conditions, behaviours, and finally their health status. 
Furthermore, all levels ranging from various contextual levels to the individual level are not 
considered isolated because they interact with each other. Secondly, for determining SEP 
mainly vertical characteristics are used. Examples of vertical factors are income, occupation, 
or education. A combination with so called horizontal factors, such as ethnicity, age, or 
gender is recommended (Mielck, 2000, 2005).  
Nancy Krieger’s ecosocial theory provides a good theoretical background underlining 
contextual pathways between socioeconomic inequalities and health inequalities. In 1994 
Nancy Krieger suggested an ecosocial concept which mainly argued that humans are 
simultaneously biological and social beings and both the ecological and societal context are 
important to consider when patterns of socioeconomic related health inequalities are analysed 
(Krieger, 1994, 2011).  
The most central part of ecosocial theory is the concept of embodiment. Embodiment claims 
“that people literally embody, biologically, their lived experience, in societal and ecological 
context, thereby creating population patterns of health and disease” (Krieger, 2011, page 
215). Embodiment integrates the social determinants of health as exogenous factors 
influencing individual bodies and people’s health. 
Ecosocial theory considers various pathways of embodiment through which social or 
environmental exposures affect an individual’s organism. These pathways are located on 
different temporal and spatial scales. Temporal scales include pathways across the life course 
shaped by historical contexts and generational aspects. Spatial scales consider various 
hierarchical levels (global, national, regional, area or group, household, or individual) which 
represent different ecological and social pathways of embodiment. Embodiment is influenced 
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by the distribution of environmental, political, economic, or social factors within and across 
these scales, such as societal power relations, ecosystems, or material goods. Furthermore, 
embodiment is dependent on individual biological capabilities and limitations which are in 
turn influenced by social and biological development. 
A further core construct of ecosocial theory is that multiple pathways of embodiment, which 
take place on various spatiotemporal scales with variating distribution of exposures across 
these scales, involve a “cumulative interplay between exposure, susceptibility, and 
resistance” (Krieger, 2001b, page 672). This core construct emphasize the accumulation of, 
timing of, and individual response to embodied exposures. 
Accountability and agency, as a final core construct, put emphasis on instruments and ways 
how health inequalities are monitored and analysed. Individuals, political and economic 
institutions, and epidemiologists in particular are addressed with their capabilities and 
responsibilities across levels in taking actions for explaining and reducing socioeconomic 
inequalities in health. 
All conceptual models described in this chapter state that explaining patterns of health 
inequalities requires the consideration of multiple contextual determinants. Therefore, they 
provide a good basis for the development of specific concepts focusing on small area factors 
as potential drivers for health inequalities in urban contexts. 
1.2 Explanatory concepts for neighbourhood health inequalities 
There is an overall conclusion that individual characteristics, such as individual SEP or 
individual behaviours, are not sufficient for explaining inequalities in health. Integrating 
contextual determinants from the social, physical, or political environment to which 
individuals or groups of people are exposed gained increasing attention in epidemiological 
and public health research (McLaren & Hawe, 2005). 
The neighbourhood level has become an important contextual dimension. Neighbourhoods 
hold social and physical factors which are assumed to be associated with individual health of 
residents sharing these neighbourhood characteristics. Moreover, neighbourhoods are often 
used as references for urban planning interventions, routine data collection and monitoring, 
and political decision making processes. However, providing a clear definition of the term 
neighbourhood is still challenging (Galster, 2001). Often, terms such as community, small 
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area, or place are used interchangeably. Mostly, these terms refer to the usage of 
administrative boundaries and its available census data. 
In the last twenty years the number of studies investigating independent neighbourhood 
effects on health rapidly increased. As a result, three main explanatory pathways were derived 
explaining health inequalities between neighbourhoods. 
Firstly, health variations between neighbourhoods can be attributed to compositional effects 
which capture individual characteristics of residents, such as SEP or behaviours. Secondly, 
geographic health variations can be attributed to contextual effects mainly attributed to 
environmental characteristics from the built or social environment which neighbourhood 
residents share. In addition, there might be a contextual effect of group composition if 
aggregated individual factors on the area level, such as neighbourhood SEP, are associated 
with individual health independent of individual factors of residents within the 
neighbourhood. In this dissertation neighbourhood SEP is therefore defined as a contextual 
factor if individual socioeconomic characteristics are simultaneously considered in 
multivariate analyses. 
A third explanation refers to the collective dimension shared by neighbourhood residents. It 
includes anthropological characteristics, such as shared norms, common interests, and values. 
In neighbourhood research contextual factors from the neighbourhood environment gained 
most interest because it is assumed that physical or social attributes explain contextual health 
effects of group composition. (Diez Roux & Mair, 2010; Duncan et al., 1998; Macintyre et 
al., 2002).  
The differentiation between composition and context is also discussed critically in the 
scientific literature. Macintyre and Ellaway argued: “People create places and places create 
people” (Macintyre & Ellaway, 2003, page 26). Arguments for the mutual dependencies 
between individuals and contexts are that individual characteristics are shaped by contextual 
characteristics, such as individual education may be dependent from the local contextual 
school system, or occupational status from the local labour market. Furthermore, it is argued 
that in multivariate analysis individual factors are often treated as confounders although they 
might be intervening or mediating factors on the pathway between neighbourhood context and 
health, such as health behaviours or household characteristics. Related to this problem are 
missing a priori theories which conceptualize causal mechanisms between health and place 
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which justify the selection of contextual or individual characteristics (Cummins et al., 2007; 
Macintyre et al., 2002).  
For strategy development and policy making the quantification of contextually initiated health 
inequalities on the neighbourhood level build an important prerequisite for intervention 
planning targeting health-promoting built and social environments. Furthermore, evidence on 
how built environmental factors are independently associated with health and contribute to 
health inequalities between neighbourhoods supports a better reconnection between urban 
planning and public health (Corburn, 2004). 
Various explanatory models have been developed which conceptualize small area effects on 
health. A systematic review by Voigtländer et al. identified 14 studies which developed an 
explanatory model considering various theoretical backgrounds to outline how different 
neighbourhood characteristics affect specific health outcomes or behaviours of neighbourhood 
residents through different pathways (Voigtländer et al., 2014). The review identified the 
following similarities across models: 
 Neighbourhood differences in exposures to environmental resources and stressors 
contribute to geographic health inequalities 
 There is no clear definition of the term small-area or neighbourhood context 
 Neighbourhood context is mostly differentiated in the built and social environment 
 There are multiple pathways linking contextual neighbourhood factors and individual 
health, such as cognitive factors determining allostatic load or behaviours, direct 
pathways of environmental stressors or resources affecting health, or indirect 
pathways which include contextual effects on individual SEP or personal resources. 
As a result, individual characteristics of neighbourhood residents and contextual 
factors may be not mutual exclusive and individual characteristics can both be an 
effect modifier or mediator on the pathway between context and individual health 
 Socioeconomic segregation processes are identified as the most relevant drivers for 
variations in neighbourhood characteristics. As a result, models followed a three level 
structure representing socioeconomic inequalities at the macrolevel, neighbourhood 
characteristics at the mesolevel, and individual characteristics at the microlevel 
The identified levels and their included factors and pathways linking neighbourhood context 
and health showed that both contextual and individual characteristics contribute to health 
inequalities between neighbourhoods. For the quantification of contextual neighbourhood 
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effects and their contribution to health inequalities a simultaneous consideration of these two 
levels is required in statistical modelling. Furthermore built environmental factors play an 
essential role across all conceptual models described above. Especially for healthy city 
planning built environmental characteristics are a main basis for interventions on the interface 
between urban planning and public health. 
1.3 Environmental inequalities 
The potential amplification of geographic health inequalities through a socioeconomic 
unequal distribution of environmental stressors and resources is an important issue when 
neighbourhood health effects are analysed. The environmental justice movement, which had 
its origins in the USA and was initiated by activists, claimed that ethnic minorities were 
disproportionately exposed to hazards in their neighbourhood environment, such as to toxic 
waste sites or industry producing air and noise pollution (Brulle & Pellow, 2006). 
Environmental justice deals with actions on the improvement of living conditions of 
disadvantaged groups including cultural, behavioural, and political aspects. The term should 
be therefore distinguished from environmental inequalities which has a more structural focus. 
Environmental inequalities include a broader analysis of the distribution of environmental 
hazards or resources across societal groups in a more descriptive way (Pellow, 2000; Walker, 
2012). 
A conceptual model derived from the environmental justice framework by Bolte et al. 
broadened the scope of environmental inequalities as it includes both pathogenic and 
salutogenic elements and discussed various forms of vulnerability (Bolte et al., 2011). 
Concepts of vulnerability have their origins in natural hazard research and were further 
developed in other scientific fields, such as climate change research. “Vulnerability is the 
degree to which a population or an individual is unable to anticipate, cope with, resist and 
recover from the impacts of disasters. It is a function of susceptibility and resilience” (Adams 
& Wisner, 2002, page 5). Vulnerability and susceptibility are closely related terms, whereas in 
general vulnerability includes external environmental factors, and susceptibility comprises 
internal biological factors increasing individual health risk, such as genetics or age (Portier et 
al., 2010). 
The conceptual model contains two main hypothetical pathways how individual SEP, 
environmental exposures, and environmental health at the individual level are connected (see 
figure 1). The first hypothesis states that environmental exposures and benefits are social 
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   Effect    modification 
    Exposure    variation 
Socioeconomic position at the 
individual level Gender and age 
Vulnerability 
 Community level 
 Individual level 
Environmental exposures 
and benefits 
 Housing  
 Neighbourhood 
 Work  
Environmental health 
unequally distributed on various levels and in different settings, such as neighbourhood, 
housing, or work. The second hypothesis states that communities or individuals with a low 
SEP are more vulnerable to health effects of environmental exposures. Vulnerability on the 
community level includes both resources and burdens on the small area level, such as 
neighbourhood social capital, public transport, or accessibility of health service institutions. 
Vulnerability on the individual captures individual behaviours and characteristics on how 
environmental resources and burdens are incorporated, such as psychosocial factors, 
physiological mechanisms, or coping strategies. 
Figure 1 Conceptual model linking socioeconomic position, environment, and health 
 
 
 
 
 
 
 
 
 
Quelle: (Bolte et al., 2011) (own description) 
Mechanisms of vulnerability which explain how SEP modifies associations between 
environmental exposures and health play an important role within the analysis and 
understanding of environmental health inequalities. Psychosocial stress is seen as one of the 
major factors modifying the individual level health impact of environmental community 
stressors (Gee & Payne-Sturges, 2004; Morello-Frosch & Shenassa, 2006). 
Gee and Payne-Sturges argue that differences in the individual vulnerability to environmental 
burdens or resources is mainly caused by psychosocial stress. They developed a conceptual 
model which suggests that community level vulnerability is translated into individual 
stressors which increases individual stress and leads therefore to individual vulnerability (Gee 
& Payne-Sturges, 2004). 
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Chronic individual stress influenced by community level and individual stressors plays a 
major role in the explanatory model by Morello-Frosch and Shenassa, too (Morello-Frosch & 
Shenassa, 2006). Community stressors comprise factors from the built and social 
environment, and individual stressors include factors, such as SEP, working conditions, or 
health behaviours. Both stressor levels are mutually dependent from each other and are 
associated with chronic individual stress which in turn influences individual allostatic load. 
Allostasis comprises the capability of the body to regulate physiological mechanisms of the 
stress-response system when exposed to environmental stressors. 
Early studies on environmental inequalities were conducted mainly in the USA in the 1970s, 
1980s, and 1990s, and focused predominantly on single exposures from environmental 
pollutants. They found out that neighbourhoods with a high proportion of ethnic minorities 
were more exposed to air pollution, pesticides, or other chemical exposures coming from 
hazardous waste sites (Szasz & Meuser, 1997).  
Since the beginning of the 21th century, the number of studies providing evidence on 
environmental inequalities has been increased in Europe. They considered multiple indicators 
describing SEP of individuals or neighbourhoods and incorporated a broader scope of health 
relevant environmental factors including both stressors and resources from the social and built 
environment. Most studies found a socioeconomic unequal distribution of environmental 
neighbourhood burdens and resources on various levels, such as the national, neighbourhood 
or individual level. Systematic reviews indicated that groups or neighbourhoods with a low 
SEP were more exposed to environmental hazards and had less access to environmental 
resources (Braubach & Fairburn, 2010; Kruize et al., 2014). 
In terms of environmental resources and their potential health benefits, the socioeconomic 
related distribution of and access to urban green spaces within cities has received increasing 
attention in environmental justice research in the last years (Jennings et al., 2012; Wolch et 
al., 2014). Studies showed that a lower neighbourhood SEP was associated with decreasing 
availability of green space (Astell-Burt et al., 2014; Lakes et al., 2014; Richardson et al., 
2010; M. Wen et al., 2013). 
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1.4 Quantifying neighbourhood health effects – Evidence from multilevel studies 
Conceptual models, which were summarized in the previous chapters, describing mechanisms 
how health inequalities and environmental inequalities are connected suggest that 
epidemiological studies which are only based on individual data are not sufficient enough to 
explain geographic distributions of health outcomes. As a result, since the late 1990s there has 
been a rapid increase of epidemiological studies investigating the independent effect of 
contextual neighbourhood factors on individual health. 
To analyse potential effects of neighbourhood contexts on individual health outcomes 
multilevel analysis offers an adequate modelling strategy. It provides the possibility to 
separate contextual or group-level effects from compositional effects. In this dissertation the 
term multilevel model is used. Terms like hierarchical models, random effects models, or 
mixed models are often used synonymously (Diez Roux, 2002). 
A multilevel study design combines data on at least two hierarchical levels: aggregated or 
group variables on the neighbourhood level (2nd level) and variables on the individual level 
from residents within the neighbourhood (1st level). Thus, simultaneous examinations of 
independent effects of each level and interactions within and across levels on individual 
health outcomes are possible while accounting for the potential dependency of individual 
observations sharing the same characteristics of higher group level variables. Therefore, 
multilevel modelling combines ecological with individual data and reduces the risk of an 
ecological fallacy when associations between group-level variables and response variables on 
the individual level are analysed. 
Furthermore, multilevel analysis offers the possibility to examine group-to-group variability. 
In neighbourhood studies the contribution of contextual factors to health inequalities between 
areas in relation to individual factors can be quantified. This is achieved through random 
intercepts or random slopes. Random intercepts, also called variance components, allow the 
averaged fixed intercept to vary randomly across neighbourhoods which is one of the more 
simpler multilevel models because it is assumed that the parameter estimates of the individual 
and contextual covariables are similar across neighbourhoods which means that there is no 
effect modification. In random-slope models in addition to the intercept the slope may also 
vary across neighbourhoods which allows to identify cross-level interactions between 
contextual and individual factors (Diez Roux, 2000; Duncan et al., 1998; Subramanian et al., 
2003).  
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A great amount of previous studies investigated whether aggregated individual socioeconomic 
characteristics, describing neighbourhood SEP on the area level, showed an independent 
contextual association with individual mortality, morbidity, or health behaviours through the 
adjustment for relevant factors on the individual level. 
One of the first systematic reviews on contextual neighbourhood effects was conducted by 
Picket and Pearl considering studies before 1998 which investigated the independent 
influence of neighbourhood SEP on individual health (Pickett & Pearl, 2001). In 23 of 25 
studies independent significant associations between at least one factor describing 
neighbourhood SEP and individual health were found while adjusting for individual 
socioeconomic characteristics. Socioeconomic neighbourhood deprivation was independently 
associated with a worse state of individual health and health behaviours, such as higher 
mortality, lower birthweight, lower self-rated health, higher body mass index (BMI), and 
increased smoking or alcohol consumption. 
A following review by Riva, Gauvin, and Barnett confirmed a marked increase of multilevel 
neighbourhood studies from 1998 until 2005 and identified 88 multilevel studies analysing 
neighbourhood effects on self-rated health, cardiovascular diseases and related risk factors, 
and mortality (Riva et al., 2007). Most studies detected an independent significant association 
between indicators describing a low neighbourhood SEP and a lower self-rated health status, 
increased mortality, and higher risk of cardiovascular diseases and related risk factors, such as 
overweight, unhealthy diet, or increased smoking. 
More recent reviews and meta-analyses summarizing and analysing results from multilevel 
neighbourhood studies confirmed results from these earlier reviews. A meta-analysis 
considering multilevel neighbourhood studies found an independent association between a 
lower neighbourhood SEP and increased mortality whereas a systematic review within the 
same study indicated mixed findings (Meijer et al., 2012). 
A systematic review by Sellström and Bremberg identified 13 multilevel studies from 1990-
2005 which studied the impact of neighbourhood factors on child and adolescent health. The 
review calculated that across studies on average 10 % between-neighbourhood-variance of the 
health outcome was explained by contextual neighbourhood factors after adjusting for 
individual variables. Health outcomes in this review were mainly problem behaviours, child 
maltreatment, injuries, and birth weight (Sellström & Bremberg, 2006). Aggregated 
socioeconomic data from neighbourhood residents were the predominant factors used for 
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describing neighbourhood context. A further meta-analysis of multilevel studies by Metcalfe 
et al. on infant health found a significant contextual neighbourhood effect between low 
neighbourhood income and low birthweight (Metcalfe et al., 2011). 
Evidence from multilevel neighbourhood studies so far showed that neighbourhoods are an 
ecological determinant of individual health and could therefore play an important role as a 
setting where health interventions could take place. However, there are still many open issues 
which need to be addressed in further multilevel studies. The following challenges are of 
particular interest. 
Previous multilevel studies mostly focused on analysing and reporting independent 
associations between neighbourhood context and individual health whereas variance 
components mostly had not been adequately addressed. There is a need for further multilevel 
studies which quantify the contribution of contextual factors to neighbourhood health 
inequalities. 
There is still a great heterogeneity across multilevel studies which and how many individual 
factors are considered for adjustment, especially for individual SEP characteristics. As a 
result, contextual effect estimates may be over or underestimated and are difficult to compare 
between studies. 
Furthermore, on the neighbourhood level often single factors describing neighbourhood SEP 
were used, such as vertical measures of income, education, and occupation, or horizontal 
measures, such as ethnicity. Single measures of neighbourhood SEP may not adequately 
represent all relevant socioeconomic dimensions. A combination of various measures offers a 
potential solution. However, neighbourhood SEP factors often show multicollinearity which 
needs to be addressed through adequate methods, such as principal component analysis 
(PCA). 
Besides characteristics describing neighbourhood SEP, which were most exhaustively used in 
multilevel studies, the built environment gained increasing attention when health inequalities 
on the neighbourhood level were analysed. Systematic reviews considered primarily 
cardiovascular risk factors, such as overweight and obesity, or low physical activity. Food 
environments, physical activity resources, aspects of neighbourhood safety, and features 
which increase walkability were the main built environmental dimensions which were 
analysed (Ding et al., 2011; Feng et al., 2010a; Galvez et al., 2010; Renalds et al., 2010; Van 
Holle et al., 2012). Though results of these studies were mixed, there is an overall conclusion 
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that the built environment can significantly impact individual health independent from 
individual factors. Although both neighbourhood SEP and built environmental factors play a 
significant role for explaining health inequalities between neighbourhoods, both dimensions 
had been rarely considered simultaneously in systematic reviews. 
Finally, previous reviews showed a lack of multilevel studies targeting child health and the 
influence of potential neighbourhood characteristics of the socioeconomic or built 
environment. Children are more vulnerable to environmental burdens than other population 
groups and should be therefore considered more often in multilevel neighbourhood studies 
(Tamburlini, 2002). 
1.5 Proposing a conceptual model describing pathways of neighbourhood health 
inequalities 
Based on the previous chapters summarizing models and theories describing pathways how 
neighbourhood health inequalities occur, a conceptual model was developed (see figure 2). 
One of the main targets of this model was to disentangle contextual neighbourhood factors 
from individual factors and to conceptualize their potential direct and indirect pathways 
towards individual health. A further goal was to integrate neighbourhood SEP and individual 
SEP in one model in order to conceptualize their different meanings and potentials for 
analysing neighbourhood health inequalities which has been rarely done in previous models. 
As already suggested in previous studies and models, a three level structure was implemented. 
The macrolevel represents structural contextual factors influencing the distribution of wealth 
within a society which in turn influences residential segregation processes. Macrolevel factors 
are primarily from the governmental and political context. Policies include economic policies, 
such as trade policies or labour markets, social policies, such as welfare factors or land and 
housing distribution, and public policies, such as education or health care services (WHO, 
2010). 
The mesolevel represents the neighbourhood context containing the most three important 
dimensions for health and their determinants on the individual level. Neighbourhood SEP 
represents combined or single aggregated factors describing the SEP of the neighbourhood. 
Aggregated individual data on employment, income, or education play an important role for 
describing social disadvantages of neighbourhoods and are increasingly used for calculating 
neighbourhood deprivation indices (Lalloue et al., 2013; Messer et al., 2006; Pampalon et al., 
2012; Pampalon et al., 2009). The terms built environment and physical environment are 
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often used interchangeably. In a definition by Schulz and Northridge the built environment 
represents that part of the physical environment which “encompass all of the buildings, 
spaces, and products that are created or significantly modified by people (…)” (Schulz & 
Northridge, 2004, page 456). As the conceptual model refers to health inequalities in an urban 
context, the term built environment is used because it is assumed that within cities most of the 
environmental burdens and resources are man-made. The social environment comprises 
factors describing social connections, such as social capital, violence, social norms, or trust 
(Diez Roux & Mair, 2010; Schreier & Chen, 2013). 
All three neighbourhood dimensions cannot be regarded isolated from each other. There is a 
contextual effect of neighbourhood SEP if multilevel analysis detects an independent 
association between neighbourhood SEP and individual health while all relevant 
characteristics on the individual level (microlevel), especially individual SEP, are taken into 
account as potential confounders. Underlying factors of the social and built environment are 
conceptualized as mediating factors on the pathway between neighbourhood SEP and the 
microlevel. 
There is still an ongoing discussion in the literature to what extent socioeconomic area 
characteristics serve as a proxy for individual SEP. Various studies suggest that area size and 
the selection of socioeconomic indicators influence correlations between SEP on the area and 
individual level which may result in biased estimates in studies analysing socioeconomic 
inequalities in health (Geronimus & Bound, 1998; Pardo-Crespo et al., 2013; Soobader et al., 
2001). 
The microlevel contains individual health determinants and health outcomes. Individual SEP 
represents both vertical and horizontal characteristics describing SEP of individuals, such as 
income, education, ethnicity, or migration background. Housing and working conditions 
comprise indoor housing conditions and work-related environmental exposures. Family 
factors include all kind of factors describing family status, such as single parent, marital 
status, or family size. Behaviours contain all kind of health promoting and health threatening 
behaviours, such as physical activity, smoking, or alcohol consumption. Psychosocial 
stressors and resources, such as individual coping strategies, social support, job strain, or 
negative life events are a further important component on the microlevel. Genetic factors 
belong to the group of biological factors. The social construct gender and the biological 
construct sex are introduced as interrelated factors into the model to take into account the 
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ongoing issue to enhance the integration of theoretical gender concepts into health research  
(Hammarstrom et al., 2014; Krieger, 2003; Springer et al., 2012).  
Neighbourhood contextual factors may have indirect effects towards individual health 
outcomes through individual factors on the microlevel. Individual factors can further modify 
direct association between neighbourhood context and individual health. 
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Figure 2 Conceptual model describing multilevel pathways of neighbourhood health inequalities 
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2 Research objectives 
2.1 Independent and interactive effects of socioeconomic and objective built 
environments on individual health 
Both neighbourhood SEP and built environmental factors play a significant role for 
explaining health inequalities between neighbourhoods. However, there is still lack of a 
systematic overview to what extent both characteristics are simultaneously considered in 
multilevel neighbourhood studies. Therefore, the overall goal was to conduct a systematic 
review to identify multilevel epidemiological studies considering characteristics of 
neighbourhood SEP and the objectively assessed built environment simultaneously in order to 
disentangle their independent or interactive effects on individual health outcomes and health 
behaviours. 
The primary research question was how characteristics of neighbourhood SEP and the 
objective built environment were associated with individual health outcomes or health-related 
behaviours if both dimensions were considered simultaneously in multilevel modelling. 
Secondly, the review summarized knowledge on interactions between neighbourhood SEP, 
the built environment, and individual factors. 
2.2 Contextual neighbourhood effects on child overweight  
In the field of multilevel neighbourhood studies there is still need for further research on the 
age group of young children because most studies looked at adolescents or adults. Previous 
studies analysing associations between contextual neighbourhood factors and child health 
were predominantly conducted in the USA. Moreover, only a minority of studies analysed 
how neighbourhood context was associated with measures of overweight in younger children 
while simultaneously taking into account relevant socioeconomic and parental factors on the 
individual level in order to disentangle their independent associations. Therefore, two 
multilevel analyses were performed with pooled cross-sectional data from the city of Munich 
to investigate how neighbourhood context was related to overweight in children and 
contributed to the variation of overweight between neighbourhoods. Both socioeconomic and 
built environmental factors were simultaneously analysed with individual characteristics from 
18 selected primary school enrolment zones which served as a proxy for the close 
neighbourhood environment. 
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The main research objective of the first multilevel analysis was to investigate how the 
socioeconomic context of neighbourhoods was associated with overweight while 
simultaneously considering indicators of individual SEP as well as further individual risk 
factors. 
The second multilevel analysis investigated how the objective and perceived built 
environment and neighbourhood SEP were associated with overweight. Indicators of 
individual SEP and further important risk factors for overweight were considered on the 
individual level. A further objective in both analyses was to quantify how much variance of 
overweight between neighbourhoods was explained by individual factors and how much was 
attributable to the neighbourhood context. 
2.3 Environmental neighbourhood inequalities in urban contexts 
A deeper understanding to what extent environmental resources and burdens are distributed 
by socioeconomic neighbourhood characteristics is a prerequisite to assess whether a 
socioeconomic unequal distribution of such environments enhances health inequalities within 
cities. Therefore, two ecological studies in Munich and Dortmund were conducted with a 
research focus on socioeconomically driven environmental inequalities. 
The first study analysed a wider range of environmental inequalities in the city of Dortmund 
with a deeper focus on the development of city wide indicators which are important for 
stimulating healthy urban planning processes. Correlation analysis was applied in order to 
analyse associations between socioeconomic indicators and environmental burdens and 
resources on the level of 170 administrative neighbourhoods in order to identify hot spot areas 
and to target planning-related interventions. 
The second study focused on the socioeconomic distribution of green space availability in the 
city of Munich on the level of 108 administrative neighbourhood districts. There is still a 
great heterogeneity across existing ecological studies how green space availability within and 
around a neighbourhood was defined and measured. Neighbourhoods often vary in their size 
and shape which may result in generating different catchment areas of green space 
availability. Moreover, when administrative boundaries are used to measure green space 
availability, these boundaries are fixed and are therefore not able to consider adjacent green 
spaces in nearby neighbourhoods. From a statistical point of view, positive environmental 
variables are often highly skewed which need to be adequately addressed when parametric 
modelling approaches are applied. 
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Therefore, this study followed two research objectives. Firstly, it investigated whether 
neighbourhood SEP was associated with green space availability applying generalized linear 
models with a log-gamma regression in order to consider the non-normal distribution of the 
response variable. The second research objective was to apply methods based on geographic 
information systems (GIS) to define various catchment areas of green space availability and to 
analyse whether variations in size and kind of these catchment areas influenced relationships 
between neighbourhood SEP and green space. 
3 Data description 
3.1 Health monitoring units in Munich 
The health monitoring units (GME) are organized by the Bavarian Health and Food Safety 
Authority and started in 2004. Surveys were conducted in three rural and three urban districts 
of the federal state Bavaria in Germany. The main aims of the GME-surveys were to 
systematically monitor the health status of children between 5 and 7 years old and to acquire 
health relevant data with a particular focus on environmental burdens and resources 
influencing health outcomes of children (Bolte et al., 2008; Bolte et al., 2007). 
Between 2004 and 2015 seven cross-sectional surveys and a cohort study were conducted 
(Dreger et al., 2015; Gürlich et al., 2016; Weber et al., 2016). Each survey had a particular 
focus on selected health relevant issues, such as environment and health, UV exposure, 
allergies, or child development. Across these surveys there were overarching data which were 
conducted repeatedly (Bolte et al., 2007; Gürlich et al., 2016; Weber et al., 2016). 
For multilevel analyses, three consecutive cross-sectional surveys in the city of Munich, 
conducted between 2004 and 2007 with identical procedures concerning data collection, were 
considered. Based on the Munich poverty report from 2002 (Romaus & Weizel, 2004) a 
sample of primary school enrolment zones were selected where the surveys took place to 
adequately represent the socioeconomic range of families within Munich. 
The purpose of the multilevel analyses was to use these school enrolment zones as a proxy for 
the close neighbourhood environment. Contextual neighbourhood characteristics concerning 
the socioeconomic and built environment were included based on the geographic information 
of school districts where the children came from (see chapter 3.2). 
18 school zones were identical in the three surveys which could be therefore combined and 
pooled for multilevel analysis. Four school zones were a priori excluded because each zone 
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contained only one observation. The final dataset contained 3499 children for whom data for 
BMI calculation were fully available. Each school zones included between 117 and 331 
children. There were no remarkable differences concerning the sample size between the three 
surveys (see table 1). 
Table 1 Number of observations per survey 
Survey Number of observations (n = 3499) 
Survey 1 1068 
Survey 2 1159 
Survey 3 1272 
 
Individual data on weight and height were objectively measured by trained staff. Further 
individual characteristics of socioeconomic family factors, parental and child risk factors for 
overweight, and perception of the close neighbourhood environment were derived from 
parental questionnaires. A detailed description of all individual data and derived variables 
from the parental questionnaires are listed in the two published papers (Schüle, Fromme, et 
al., 2016; Schüle, von Kries, et al., 2016). 
3.2 Socioeconomic and environmental neighbourhood data from the city of 
Munich  
Socioeconomic data from 18 selected primary school enrolment zones 
For the two multilevel analyses five socioeconomic aggregated variables on the level of 18 
school districts were considered to calculate an index describing neighbourhood SEP applying 
PCA. Averages from the years 2006 and 2007 were calculated (see table 2). Data on 
residential population were obtained from the city council of Munich. Household data on 
education were provided by microm GmbH, Neuss, Germany. 
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Table 2 Socioeconomic characteristics of selected school districts in the city of Munich 
(2006/07) 
Neighbourhood socioeconomic variables on the 
school district level  (N = 18) 
Mean  
 
Min Max 
Percentage of residents with no German citizenship 23.16 13.98 31.89 
Percentage of residents with a German citizenship 
and a migration background 
12.23 9.30 20.50 
Percentage of households with lower education 29.65 20.50 38.20 
Percentage of single parent households 3.48 2.11 4.72 
Percentage of households with vocational training 38.80 33.35 42.85 
 
Socioeconomic data from 108 administrative neighbourhood districts 
For the ecological study in the city of Munich eight socioeconomic neighbourhood variables 
from 108 administrative neighbourhood districts were considered for index development 
describing neighbourhood SEP applying PCA, too. From the city council of Munich data on 
unemployment, German citizenship, migration history, and population density were provided. 
Population density was considered as an adjustment variable in multivariate analysis. Data on 
education and occupation were provided by microm GmbH, too. All data were available for 
the years 2011-2013 (see table 3). From these three years the average value was calculated 
and used for PCA. 
Table 3 Socioeconomic neighbourhood characteristics in the city of Munich (2011-2013) 
Socioeconomic variables from neighbourhood 
districts (N = 108) 
Mean  
 
Min Max 
Percentage of people in the age group 15-65 years 
receiving unemployment benefit part II 
4.59 0.5 14.73 
Percentage of unemployed people in the age group 
15-65 years receiving social security under Hartz IV 
3.36 0.77 6.7 
Percentage of people in the age group below 15 years 
receiving social assistance 
10.17 0 25.77 
Percentage of residents with no German citizenship 24.76 11.93 71.77 
Percentage of residents with a German citizenship 
and a migration background 
38.18 22.87 77.73 
Percentage of households with lower education 26.33 18.47 38.26 
Percentage of households with no graduation 65.00 52.08 82.74 
Percentage of households with vocational training 39.41 35.46 46.71 
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Population weighted playground and park availability on the level of 18 primary school 
enrolment zones 
Data on public playgrounds and parks were provided by the city council of Munich. Data on 
playgrounds included available space for different age groups additionally. Each playground 
was categorized into the amount of space for infants (0-5 years), children (5-11 years), or 
youths (12-15 years). For multilevel analysis total playground space for infants and children 
within each school zone was calculated because these age groups were in accordance to the 
study population. Park space was intersected with the 18 school zones and the amount of 
square meters was calculated. 
To take into account population characteristics within each school district, the amount of 
available square meters of playground space for children aged 0-11 years was weighted with 
the number of residents aged 0-11 years. For park space all residents within each school 
district were considered for weighting. Age-specific population data from 2004-2007 
provided by the city council of Munich were averaged and used for population scaling. 
Finally, the population scaled playground and park variables were each categorized into 
tertiles (high, middle, and low). The variables are described in detail in one published 
multilevel analysis (Schüle, Fromme, et al., 2016). 
Neighbourhood public greenspace availability based on 108 administrative neighbourhood 
districts in the city of Munich 
For investigating relations between neighbourhood SEP and environmental resources, spatial 
data on various land use types including public green space were obtained from the city 
council of Munich. Public urban green space included land use types of public parks and 
public urban forests (deciduous forests, coniferous forests and mixed forests). 
Five buffers in steps of 200 m (from 200 m up to 1000 m) were generated around each of the 
108 administrative neighbourhood boundaries. Additionally, five different radii on the range 
between one and three kilometres (1000 m, 1500 m, 2000 m, 2500 m, and 3000 m) were 
considered around the neighbourhood centroid. For each catchment area the percentage of 
available green space was calculated. A detailed description of the method applied and a 
descriptive map are given in the published study (Schüle et al., 2017). 
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3.3 Socioeconomic and environmental neighbourhood data from the city of 
Dortmund 
Socioeconomic data from 170 neighbourhoods in the city of Dortmund 
For analysing environmental inequalities on the neighbourhood level with a focus on healthy 
urban planning, various socioeconomic data from 170 neighbourhoods were considered (see 
table 4). Data were from 2013 and 2014 and were provided by the city of Dortmund. 
Table 4 Socioeconomic neighbourhood characteristics in the city of Dortmund (2013/14) 
Socioeconomic neighbourhood variables 
(N = 170) 
Mean  
 
Min Max 
Percentage of people in the age group 18-65 receiving 
unemployment benefits (2013) 
13.84 0 45.21 
Percentage of resident having a migration background 
(2013) 
26.21 2.70 76.62 
Percentage of residents younger than 15 and older than 
65 receiving social welfare aids (2014) 
1.50 0 10.63 
Percentage of residents receiving either unemployment 
benefits or social welfare aids (socioeconomic 
disadvantage) (2013) 
10.38 0 36.57 
 
Aggregated environmental neighbourhood data of noise and air pollution 
Environmental data were provided by the city of Dortmund. Noise was calculated as a 
resulting noise burden from five noise sources (airport, tram, train, cars, and industry). Air 
quality in Dortmund was measured with nitrogen dioxide (NO2) and particulate matter 
(PM10). Green areas included parks and forest with a size greater than one hectare. Green 
areas around each neighbourhood were considered with a 400 m buffer around the 
neighbourhood boundaries. A detailed description of these environmental factors and the 
thresholds used for analysis is given in the published study (Flacke et al., 2016). 
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4 Applied Methods 
4.1 Systematic review 
The three databases PubMed, PsycINFO, and Web of Science were searched on the 5
th
 of 
November 2013 to identify neighbourhood studies with a multilevel modelling approach 
considering both socioeconomic and built environmental factors and analysing their influence 
on individual health outcomes and health-related behaviours. In PubMed search terms of 
Medical Subject Headings were additionally considered. 
Title and abstracts were screened by two reviewers independently with predefined inclusion 
criteria. A third reviewer was consulted if there was disagreement. If one of the inclusion 
criteria could not be clearly identified in the abstract, the full text of the record was analysed 
for eligibility by one reviewer. The search terms of all three databases and the applied 
inclusion criteria are shown in the published paper in detail (Schüle & Bolte, 2015). 
An explicit search on grey literature was not performed because the review focused on 
observational epidemiological studies applying advanced statistical modelling which are most 
likely to be found in scientific journals. However, to take into account potential publication 
bias, the search strategy was not restricted to papers published in peer-reviewed journals. 
References of finally included records were additionally checked. As neighbourhood studies 
applying a multilevel modelling approach are a relatively recent study type, there were no 
restrictions to a specific time period. 
In a qualitative analysis independent and interactive effects of the built environment and 
neighbourhood SEP towards individual health were visualized in four tables grouped by 
similar health outcomes or health-related behaviours. No quantitative assessment for risk of 
bias in individual studies was performed. However, in each study sample size, number of 
observations per neighbourhood, and total number of considered neighbourhood clusters were 
checked because simulation studies showed that small sample sizes in multilevel studies may 
result in biased effect estimates (Austin, 2010; Bell et al., 2010; Maas & Hox, 2005; 
Moineddin et al., 2007). The review was conducted in accordance to the PRISMA guidelines 
(Moher et al., 2009). 
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4.2 Contextual neighbourhood effects on child overweight 
4.2.1 Principal component analysis 
PCA was used as a statistical procedure for generating an index out of the variables describing 
neighbourhood SEP. It was applied for the eight aggregated socioeconomic characteristics 
from 108 neighbourhoods in the city of Munich and for the five aggregated socioeconomic 
characteristics from 18 primary school enrolment zones. It is an appropriate method for data 
reduction of correlated covariables and creates new uncorrelated variables, called principal 
components, which are linear combinations of the initial covariables (Tabachnick & Fidell, 
2013). The first component had its largest eigenvalue, explained most of the variance, and 
was therefore used as an indicator for neighbourhood SEP. Higher values of the index implied 
a lower neighbourhood SEP. PCA was performed with the FACTOR procedure in SAS 9.3 
(SAS Institute, 2013a) 
4.2.2 Multilevel logistic regression 
Multilevel logistic regression modelling was applied to correct for clustering of individuals 
within the same school district and to estimate variance between school districts separately 
from residual variation between individuals (J. Wang et al., 2012). The school enrolment 
zones were considered as level two units with random intercepts allowing the intercept 
estimates of each independent variable to vary among school zones.   
All individual and contextual neighbourhood variables which were associated with 
overweight with a Wald’s P <0.2 in bivariate logistic regression were included in multivariate 
analysis (Hosmer et al., 2013). The variance inflation factor (VIF) (𝑉𝐼𝐹𝑖=1/𝑇𝑖) was used to 
assess multicollinearity between the covariables. The VIF is calculated with the tolerance (T) 
( 𝑇𝑖=1-𝑅𝑖
2).  𝑅𝑖
2 is the calculated variance of each covariable associated with all other 
independent variables. A VIF higher than 10 indicates a serious problem of multicollinearity 
(Alin, 2010; Harrell, 2001; Menard, 2002). 
By comparing the covariance estimates between single multilevel models, it was assessed 
how much variance of overweight between neighbourhoods was explained by individual child 
and parental variables, perceived environmental exposures, housing characteristics, contextual 
neighbourhood SEP, age-specific public playground space, and park availability. All 
multilevel models were adjusted for the three survey years considering each survey as a 
dummy variable. 
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As area level variance parameter estimates in multilevel logistic regression are difficult to 
interpret because they are on the log odds scale (Larsen & Merlo, 2005), the proportional 
change in variance (PCV) in percent and the median odds ratio (MOR) according to the 
equations by Merlo et al. were calculated (Merlo et al., 2006; Merlo, Yang, et al., 2005). The 
PCV is calculated with the formula: 
 𝑃𝐶𝑉 = ((𝑉𝑎 − 𝑉𝑏) 𝑉𝑎⁄ ) × 100  
where 𝑉𝑎 is the area level variance parameter estimate of the empty model and 𝑉𝑏 is the area 
level variance parameter estimate including covariables. 
The MOR is calculated with the formula: 
𝑀𝑂𝑅 = 𝑒𝑥𝑝[√(2 × 𝑉𝑎)] × 0.6745  
where  𝑉𝑎 is the area level variance parameter estimate of each model. The MOR describes the 
increased risk in median when an individual would move to another area with higher risks 
when selecting two areas randomly. A MOR greater than one would indicate area level 
variations in the probability of being overweight and a MOR equal to one would mean no 
variation on the area level. The GLIMMIX procedure in SAS 9.3 was applied for multilevel 
model calculation (Ene et al., 2014; SAS Institute, 2013c).  
In one multilevel analysis, considering the perceived built environment and objectively 
measured playground and park space in addition to neighbourhood SEP  (Schüle, Fromme, et 
al., 2016), the Akaike Information Criterion (AIC) (Akaike, 1974) and the Bayesian 
Information Criterion (BIC) (Schwarz, 1978) were considered to measure the relative 
goodness of fit. Therefore, parameter estimation was based on maximum likelihood 
estimation with the Laplace method which approximates a marginal log likelihood. This 
method was selected to ensure unbiased model comparisons because of a true likelihood 
approximation (Schabenberger, 2007).  
4.2.3 Multiple imputation of income data  
Multiple imputation for the missing values of the categorical income variable was performed 
in order to check whether the parameter estimates of the independent variables change. 
However, multiple imputation of hierarchical data is still a research area with many open 
issues (Van Buuren, 2011). There is still no standard procedure on how multilevel data can be 
imputed and then adequately be analysed and pooled. For example, the MI procedure in SAS 
still ignores the clustering structure. One of the main challenges is to pool the estimates from 
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the variance components in order to obtain valid covariance parameter estimates. Pooling 
estimates is possible within the MIANALYZE procedure, however, there is still no method to 
pool covariance estimates from the random intercept part. Some macros were already 
developed in order to solve these issues (Mistler, 2013a, 2013b), however, they have 
limitations, too. For example, these macros are primarily applicable for continuous data and 
are not appropriate for ordinal variables.  
The method of cumulative logistic regression imputation within the MI procedure in SAS 9.3 
was applied which is appropriate for ordinal variables (Allison, 2005; Ault, 2012; Berglund, 
2010; SAS Institute, 2013d). Within the MI procedure a two-step approach was performed. A 
monotone missing pattern was produced which is a precondition for performing multiple 
imputation of ordinal variables. The following variables were used to impute the categorical 
income variable: nationality of the child, parental education, parental working status, single 
parenthood, and crowding. To consider the clustered data structure, school zones were taken 
into account as dummy variables within the imputation procedure. The MIANALYZE 
procedure (SAS Institute, 2013e) was applied to generate valid standard errors, p-values, and 
95 % confidence intervals (CIs) for the fixed effects and to combine the results of the 
multilevel analyses performed with the GLIMMIX procedure (SAS Institute, 2013c). 
4.3 Environmental neighbourhood inequalities 
4.3.1 Generalized linear models (Munich) 
Log-gamma regression belonging to the group of generalized linear models (GLMs) was 
applied for analysing associations between neighbourhood SEP and green space availability. 
GLMs hypothesize that the response variable follows a selected probability distribution of the 
exponential family. A general link function links the expected mean of the response variable 
to the linear predictor. In contrast to linear regression where a normal distribution of the 
response variable is assumed, which is often achieved by transforming the original data, 
GLMs have the advantage that the link function achieves linearity separated from the 
distribution of the response variable. As a result, non-normal response data can be predicted 
linearly and it is possible to make inferences about arithmetic means while keeping their 
original scale which makes interpretations of parameter estimates much easier. The gamma 
distribution was chosen as a hypothesized response distribution because it is suitable for 
modelling positive continuous response variables resulting in left-skewed distributions which 
is the case for the green space variables (Fox, 2016). The logarithmic function was selected as 
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the link function which assumes a multiplicative effect on the outcome by the selected 
predictor variables. By exponentiating the coefficients, the linear predictor can be interpreted 
as the factor by which the arithmetic mean of the outcome is multiplied. The GENMOD 
procedure was applied in SAS 9.3 for model calculation (SAS Institute, 2013b).  
4.3.2 Correlation analysis (Dortmund) 
Spearman rank correlation coefficients (Spearman, 2010) between the four socioeconomic 
neighbourhood variables were calculated in order to identify an indicator describing 
neighbourhood SEP for the 170 neighbourhoods in the city of Dortmund. Relationships 
between neighbourhood SEP and environmental variables were analysed on a continuous 
scale with spearman rank correlation coefficients, too, because of a non-normal distribution of 
the data. 
Quartiles of neighbourhood socioeconomic variables and environmental variables were 
generated in order to analyse associations between categorical socioeconomic and 
environmental neighbourhood variables with chi-squared tests (Agresti, 2013). For mapping 
cumulative environmental burdens, environmental variables were categorized in quartiles 
from 1 (low) to 4 (very high). 
  
29 
 
5 Summary of results 
5.1 Evidence on independent and interactive health effects of neighbourhood 
contexts 
The following figures and tables summarize the results from the systematic review on 
multilevel studies investigating both neighbourhood SEP and built environmental factors 
towards individual health outcomes or health-related behaviours. A detailed qualitative 
analysis of associations found in the reviewed studies is shown in the result section in the 
published paper (Schüle & Bolte, 2015). 
After abstract screening, full text analysis, and check of references 33 studies were considered 
for qualitative analysis. Except of one study, all had a cross-sectional study design and 18 of 
them were conducted in the United States. Only two studies were identified from Germany 
(see figure 3). Most studies examined an adult population sample. 
Figure 3 Number of studies identified by country 
 
Seven studies investigated exclusively outcomes measuring various forms of physical activity 
(see figure 4). Five of these seven studies analysed an adult population sample (Owen et al., 
2007; Sundquist et al., 2011; Van Dyck, Cardon, Deforche, Owen, et al., 2010; Van Dyck, 
Cardon, Deforche, Sallis, et al., 2010; Ming Wen & Zhang, 2009), one adolescents (De 
Meester et al., 2012), and one study focused on people ≥45 years old (Riva et al., 2009).  
Six studies examined measures indicating overweight or obesity either directly with the BMI 
as a continuous variable or with BMI thresholds for overweight or obesity (Grafova et al., 
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2008; Inagami et al., 2009; K. Moore et al., 2013; Ross et al., 2007; M. C. Wang et al., 2007; 
M. Wen & Kowaleski-Jones, 2012). One of these six studies considered people 45-84 years 
old (K. Moore et al., 2013), and one analysed a study population ≥55 years old (Grafova et al., 
2008). The other four studies considered an adult population sample. 
Five studies analysed both measures of physical activity and overweight (Stephanie A. Prince 
et al., 2012; S. A. Prince et al., 2011; Sallis et al., 2009; Scott et al., 2009; Slater et al., 2010) 
including one study which considered mental and physical quality of life, and depressive 
symptoms additionally (Sallis et al., 2009). All studies looked at adults, except of one study 
which focused on students 13-16 years old (Slater et al., 2010). 
Four studies investigated how neighbourhood context was associated with perinatal health 
outcomes (Genereux et al., 2008; Ponce et al., 2005; Williams et al., 2007; Zeka et al., 2008). 
One study had a longitudinal study design focusing on accidents and injuries in children 0-5 
years old (Reading et al., 2008). 
Five studies analysed self-rated health or self-reported health problems (Cummins et al., 
2005; Freedman et al., 2011; Freedman et al., 2008; Matthews & Yang, 2010; Stafford et al., 
2005). One study focused exclusively on stress (Yang & Matthews, 2010), one on smoking 
(Chuang et al., 2005), one on heavy alcohol consumption (Pollack et al., 2005), and two on 
objectively measured coronary artery calcification (Dragano, Hoffmann, Moebus, et al., 2009; 
Dragano, Hoffmann, Stang, et al., 2009). Four of these five studies looked at older adults, two 
included people ≥55 years old (Freedman et al., 2011; Freedman et al., 2008) and two 
considered people 45-75 years old (Dragano, Hoffmann, Moebus, et al., 2009; Dragano, 
Hoffmann, Stang, et al., 2009). 
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Figure 4 Number of studies identified by health outcomes and health behaviours 
 
Sixteen studies calculated an index capturing various socioeconomic characteristics of the 
neighbourhood population describing neighbourhood SEP (Chuang et al., 2005; Cummins et 
al., 2005; Freedman et al., 2011; Freedman et al., 2008; Grafova et al., 2008; Inagami et al., 
2009; Matthews & Yang, 2010; K. Moore et al., 2013; Pollack et al., 2005; Stephanie A. 
Prince et al., 2012; S. A. Prince et al., 2011; Scott et al., 2009; Stafford et al., 2005; M. C. 
Wang et al., 2007; M. Wen & Kowaleski-Jones, 2012; Ming Wen & Zhang, 2009; Yang & 
Matthews, 2010). The others used single indicators of neighbourhood SEP, such as measures 
of income, education, poverty, or unemployment. 
The objective built environment was described with a variety of measures. Indices for 
walkability, land use mix, and urbanity were mostly used. Single land use types were also 
considered, such as retail, recreational areas, restaurants, fast food outlets, cultural and 
education institutions, or health and human services. Environmental pollution, such as from 
traffic or waste sites, was mainly investigated in studies focusing on perinatal health, mental 
health, or self-rated health. Eleven studies measured built environmental exposures on the 
individual level (Chuang et al., 2005; Dragano, Hoffmann, Moebus, et al., 2009; Dragano, 
Hoffmann, Stang, et al., 2009; Genereux et al., 2008; K. Moore et al., 2013; Pollack et al., 
2005; Ponce et al., 2005; Scott et al., 2009; M. C. Wang et al., 2007; Williams et al., 2007; 
Zeka et al., 2008). 
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Tables 5-8 show associations and interactions of socioeconomic and built environmental 
factors sorted by analysed outcomes. The tables represent counted number of associations and 
do not include any qualitative assessment, such as after strengths of associations or sample 
size. A significant relationship in the final multilevel model, defined with a p-value <0.05 or a 
95 % CI not including one, was counted as an independent association. The columns with 
interactions comprise associations which were only significant for one specific characteristic 
in stratified analysis, significant associations in stratified analyses and differences in the 
parameter estimates, or significant interaction terms. The columns “No associations” include 
reported parameter estimates with p-values >0.05 or 95 % CIs including one. 
Eleven positive associations between objectively measured walkability and individual 
physical activity independent of neighbourhood SEP and individual factors were identified. 
Most multilevel studies did not find a significant association between neighbourhood SEP and 
physical activity measures. There was also a trend that the availability of sport facilities was 
not associated with individual physical activity. Noise and air pollution, public institutions, 
and public transport were not significantly associated with physical activity (see table 5). 
Table 5 Number of associations between neighbourhood contexts and physical activity 
Contextual factors Independent associations
1)
 Interactions
2)
 No associations
3)
 
Neighbourhood socioeconomic position 4 2 23 
Built environment 
   
  Noise and air pollution - - 3 
  Open and green space - 2 4 
  Walkability 11 5 7 
  Public institutions - - 2 
  Sport facilities 1 - 6 
  Retail - 2 1 
  Density (buildings and residents) 1 - 2 
  Restaurants (fast food included) 2 1 4 
  Land use mix indices 2 - 3 
  Public transport - - 2 
  Total built environment 17 10 34 
1)
 Significant relationships with p-values <0.05 in the final multilevel model or 95 % CIs not including one 
2) 
Significant associations of one specific characteristic in stratified analysis, significant associations in stratified 
analyses and differences in the parameter estimates, or significant interaction terms 
3)
 Associations with p-values >0.05 or 95 % CIs including one 
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Eleven independent relationships between neighbourhood SEP and measures of overweight 
were identified (see table 6). A low neighbourhood SEP was associated with outcomes for 
overweight or obesity. Identified associations between built environmental factors and 
overweight were mixed and both significant and non-significant associations were found for 
most factors.  
Table 6 Number of associations between neighbourhood contexts and overweight 
Contextual factors Independent associations
1)
 Interactions
2)
 No associations
3)
 
Neighbourhood socioeconomic position 11 2 5 
Built environment 
  Noise and air pollution - 1 3 
  Open and green space 1 3 2 
  Walkability 4 1 6 
  Sport facilities 1 1 1 
  Retail - 4 2 
  Density (buildings and residents) - - 3 
  Restaurants (fast food included) 2 2 3 
  Total built environment 8 12 20 
1)
 Significant relationships with p-values <0.05 in the final multilevel model or 95 % CIs not including one 
2) 
Significant associations of one specific characteristic in stratified analysis, significant associations in stratified 
analyses and differences in the parameter estimates, or significant interaction terms 
3)
 Associations with p-values >0.05 or 95 % CIs including one 
 
For further health problems and health behaviours results on associations of neighbourhood 
SEP were mixed and significant associations, no associations, and interactions were 
approximately balanced (see table 7). Also for noise and air pollution mixed results were 
found across studies. For walkability most studies did not find significant associations, and 
also for sport facilities and density measures no associations were identified.  
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Table 7 Number of associations between neighbourhood contexts and health problems and 
health behaviours 
Contextual factors Independent associations
1)
 Interactions
2)
 No associations
3)
 
Neighbourhood socioeconomic position 6 6 10 
Built environment 
   
  Noise and air pollution 3 2 5 
  Walkability 2 - 6 
  Public institutions - 2 2 
  Sport facilities - - 2 
  Retail - 4 2 
  Density (buildings and residents) - - 5 
  Empty buildings - 2 - 
  Total built environment 5 10 22 
1)
 Significant relationships with p-values <0.05 in the final multilevel model or 95 % CIs not including one 
2) 
Significant associations of one specific characteristic in stratified analysis, significant associations in stratified 
analyses and differences in the parameter estimates, or significant interaction terms 
3)
 Associations with p-values >0.05 or 95 % CIs including one 
 
For perinatal and child health associations of neighbourhood SEP were also mixed. Regarding 
the built environment, mostly traffic-related measures were analysed and most studies 
identified significant interactions (see table 8). Measures of noise and air pollution mostly 
interacted with characteristics describing individual or neighbourhood SEP. However, no 
systematic findings were found across studies on how neighbourhood SEP or individual SEP 
influenced relationships between measures of air and noise pollution and infant health. 
Table 8 Number of associations between neighbourhood contexts and child health 
Contextual factors Independent associations
1)
 Interactions
2)
 No associations
3)
 
Neighbourhood socioeconomic position 2 1 2 
Built environment 
   
  Noise and air pollution 1 7 7 
  Open and green space - 1 2 
  Building characteristics - - 1 
  Total built environment 1 8 10 
1)
 Significant relationships with p-values <0.05 in the final multilevel model or 95 % CIs not including one 
2) 
Significant associations of one specific characteristic in stratified analysis, significant associations in stratified 
analyses and differences in the parameter estimates, or significant interaction terms 
3)
 Associations with p-values >0.05 or 95 % CIs including one 
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To summarize, there was a great heterogeneity across studies concerning study designs, 
reporting of multilevel results, and defined measures of neighbourhood SEP and built 
environments which made quantitative analysis not possible. This systematic review found 
out that most consistent relationships were found between built environmental factors and 
physical activity outcomes. Studies which investigated associations between neighbourhood 
context and overweight found most consistent associations for factors describing 
neighbourhood SEP. Although interactive effects between neighbourhood contextual factors 
and individual characteristics were present across all analysed outcomes, no systematic 
patterns of modifying factors could be identified. 
5.2 Neighbourhood context and overweight in children 
Neighbourhood SEP, individual SEP, and overweight 
In the final multilevel model low or middle parental education and non-German nationality of 
the child were positively associated with children’s overweight. All other characteristics 
describing individual SEP remained not significant. Furthermore, a low neighbourhood SEP 
was positively associated with overweight independent from individual factors. 
The full model including neighbourhood SEP explained additional 19.1 % between 
neighbourhood variance of overweight. However, the neighbourhood intercept variance 
estimates from which the PCV was calculated showed wide CIs. The sensitivity analysis with 
multiple imputed data for missing values on household income revealed similar estimates for 
individual variables and contextual neighbourhood SEP. All results are described in detail in 
the published paper (Schüle, von Kries, et al., 2016). 
This multilevel analysis showed that individual determinants explained most of the between 
neighbourhood variance of overweight in children. The socioeconomic context was associated 
with overweight independently from individual overweight determinants and additionally 
explained differences in overweight between neighbourhoods suggesting underlying pathways 
of built or social environments influencing overweight in children. 
Neighbourhood SEP, built environmental factors, and overweight. Disentangling individual 
and contextual relationships 
The first multilevel null model with no covariables had a MOR of 1.32 indicating area level 
variations for individual probability of being overweight. In the second model including 
individual child and parental factors, a high birth weight, parental overweight and obesity, and 
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low or middle parental education were positively associated with children’s overweight. In the 
third model perceived built environmental exposures and housing characteristics were 
additionally considered. Only living in a multiple dwelling was positively related with 
overweight. 
In the final model, taking individual and contextual characteristics into account, 
neighbourhood SEP, age-specific playground space, and public park availability were not 
independently associated with overweight. All variables which were significantly associated 
with overweight in the second and third model remained significant. 
Comparing the PCV between the four models, individual parental and child factors explained 
66.8 % of the area level variance. In the third model perceived parental built environmental 
exposures and housing characteristics explained 21.4 % additionally. In the final model the 
covariance parameter estimate from random intercepts was zero. As a result, no differences on 
the area level concerning probabilities of being overweight existed in the final model, and 
neighbourhood SEP and playground and park space explained the remaining 11.8 % of area 
level variance. All results are described in detail in the published paper (Schüle, Fromme, et 
al., 2016). 
This multilevel analysis showed that individual child and family factors played the most 
important role for overweight in children. Both perceived and objective measures of the built 
environment, and the socioeconomic neighbourhood context played a subordinate role 
because most characteristics were not associated with overweight and explained less variation 
of overweight differences between neighbourhoods than individual determinants. 
5.3 Environmental inequalities on the neighbourhood level  
Based on spearman rank correlation coefficients between the four aggregated neighbourhood 
socioeconomic variables the combined variable describing percentage of residents receiving 
either unemployment benefits or social welfare aids (socioeconomic disadvantage) was used 
as an indicator describing neighbourhood SEP in the city of Dortmund. This variable 
correlated most strongly with the other socioeconomic neighbourhood factors. 
Spearman rank correlation coefficients and chi square tests further showed that 
neighbourhood socioeconomic disadvantage was significantly negatively correlated with 
green space availability and significantly positively correlated with NO2 and PM10. Higher 
values of the variable describing neighbourhood disadvantage imply a higher degree of 
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socioeconomic deprivation. There was no significant correlation between neighbourhood 
socioeconomic disadvantage and noise pollution. Results of the statistical tests, descriptive 
maps showing the spatial distribution of socioeconomic environmental disparities, and 
identified hot spots are provided in the published paper (Flacke et al., 2016). 
This case study showed that both socioeconomic and environmental indicators available on 
administrative small areas provided a good starting point for analysing environmental 
inequalities in an urban context. The identification and mapping of hot spots facing multiple 
environmental burdens were a good precondition for urban planning interventions.  
5.4 Socioeconomic disparities of neighbourhood public green space  
Multivariate associations between neighbourhood SEP and green space availability with 
different neighbourhood buffers in the city of Munich 
In multivariate log-gamma regression a lower neighbourhood SEP was associated with 
decreasing neighbourhood green space availability. For example, with one standard deviation 
increase of the neighbourhood SEP index on a continuous scale there was on average 21 % 
less green space available within a neighbourhood including a 200 m buffer around the 
boundaries additionally. When categories of neighbourhood SEP were analysed, 
neighbourhoods with a low SEP had on average 43 % less green space available including a 
200 m buffer than neighbourhoods with a high SEP. 
Multivariate associations between neighbourhood SEP and green space availability measured 
from neighbourhood centroids with different radii in the city of Munich 
A low neighbourhood SEP was also associated with decreasing neighbourhood green space 
availability based on catchment areas measured from neighbourhood centroids with different 
radii. In both continuous and categorical models a lower neighbourhood SEP was 
significantly related with decreasing availability of green space. With an increasing radius 
there was a decrease of the strength of the association. On a continuous scale with one 
standard deviation increase of the neighbourhood SEP index there was on average 27 % less 
green space available for the 1000 m radius. For the 3000 m radius with one standard 
deviation increase of the neighbourhood SEP index there was on average 9 % less green space 
available. This trend was similar for the categorical models. For the 1000 m radius 
neighbourhoods with a low SEP had on average 52 % less green space available than 
neighbourhoods with a high neighbourhood SEP, whereas for the 3000 m radius low SEP 
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neighbourhoods had on average 21 % less green space available than neighbourhoods with a 
high SEP. 
This case study in Munich showed that both geographic methods for defining catchment areas 
of green space availability on the neighbourhood level revealed evidence on disproportional 
distributions of public green space by neighbourhood deprivation. 
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6 Discussion and critical reflexions of methods and results 
6.1 Evidence on pathways between neighbourhood contexts and individual 
health 
In a systematic review it was analysed how characteristics of neighbourhood SEP and the 
objective built environment were associated with individual health outcomes or health-related 
behaviours if both dimensions were considered simultaneously in multilevel modelling. A 
further focus was to look at interactions between neighbourhood SEP, the built environment, 
and individual factors, such as individual SEP. 
Outcomes of physical activity and overweight were the most frequent analysed outcomes. In 
many multilevel studies a low neighbourhood SEP was independently associated with 
overweight or obesity. In contrast, studies investigating outcomes of physical activity found 
mostly no independent relationships with neighbourhood SEP. 
Many studies showed an independent relation of neighbourhood SEP with individual 
overweight while simultaneously adjusted for built environmental and individual factors 
(Grafova et al., 2008; Inagami et al., 2009; K. Moore et al., 2013; Ross et al., 2007; Sallis et 
al., 2009; Slater et al., 2010; M. C. Wang et al., 2007; M. Wen & Kowaleski-Jones, 2012). 
Although the effect of neighbourhood SEP on overweight measures was small in most final 
multilevel models, this systematic trend suggests different underlying causal pathways 
between neighbourhood SEP and overweight than for physical activity where no clear 
systematic independent relationships for neighbourhood SEP were found. Referring to the 
proposed conceptual model in chapter 1.5 associations between neighbourhood SEP and 
overweight could be attributed to omitted individual or contextual characteristics from the 
built or social environment which explain independent relations between a low 
neighbourhood SEP and individual overweight. 
There were mostly mixed results on associations between built environmental factors and 
overweight, physical activity, health problems and behaviours, and child health. For physical 
activity measures most consistent results were found for walkability indicators in the 
neighbourhood environment. Studies showed that a higher walkability index was associated 
with higher moderate-to-vigorous physical activity or increased walking behaviours 
independent of neighbourhood SEP and individual factors (Sallis et al., 2009; Sundquist et al., 
2011; Van Dyck, Cardon, Deforche, Sallis, et al., 2010). The walkability index was the only 
comparable built environmental factor across studies. It is a composite index which combines 
40 
 
different urban forms of the built environment which are relevant for people being active. The 
four main components being represented in the index are residential density, data on retail 
areas, intersection density, and land use mix indices (Lawrence D. Frank et al., 2006; L. D. 
Frank et al., 2010). This systematic finding suggests a direct effect of objectively measured 
built environmental factors improving walkability on individual physical activity independent 
of socioeconomic characteristics of individuals or neighbourhoods. 
Most studies reported results from their final multilevel model, where estimates were 
mutually adjusted for neighbourhood and individual factors. Therefore, no systematic 
comparison of multilevel models which analyse only the contextual influence of 
neighbourhood SEP, and which consider both neighbourhood SEP and the built environment, 
all adjusting for the same individual characteristics, was possible. Such a comparison would 
give a better understanding to what extent built environmental factors explain independent 
associations between neighbourhood SEP and individual health. 
For most built environmental factors there was limited comparability. The majority of all 
studies calculated weighted numbers of various facilities, such as stores, sport and 
recreational facilities, parks, or restaurants. There was a great variety concerning the weights 
that were used. Weights being most often used were fixed number of residents, number of 
neighbourhood residents, neighbourhood size, or square kilometre. Moreover, many studies 
calculated indices, mostly derived from factor analysis. The number and kind of built 
environmental variables contained in these scores was too heterogeneous for drawing 
comparisons. A minority of studies calculated distance based measures, such as to main roads, 
stores, or parks. Distances were calculated either from individual home addresses or from 
neighbourhood centroids. 
The great heterogeneity of metrics and definitions being used for calculating built and also 
socioeconomic neighbourhood variables may further explain mixed results. A study from 
Montréal investigated whether different aggregation and distance methods to measure the 
accessibility of health care services in the neighbourhood may lead to different results. 
Results showed that various distance based methods are strongly correlated, however, for 
different aggregation methods errors were observed which could lead to imprecise estimates 
in studies investigating neighbourhood health effects (Apparicio et al., 2008). The limited 
comparability across studies which investigated contextual neighbourhood effects is 
consistent with previous systematic reviews, which focused either on a specific health 
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outcome or exclusively on one neighbourhood environmental dimension (Ding et al., 2011; 
Feng et al., 2010b; Mair et al., 2008; Metcalfe et al., 2011). 
The systematic review showed mixed and partially contrasting results on interactions between 
neighbourhood SEP, built environments, and individual factors. Sex, ethnicity, or individual 
SEP often modified associations between neighbourhood SEP or the objective built 
environment and individual health. 
One study observed an impact of a health promoting built environment only in 
neighbourhoods with a low SEP (De Meester et al., 2012). On the other hand there were 
studies demonstrating that associations between a higher built environmental burden and poor 
health or negative health behaviours were only significant or stronger in neighbourhoods with 
a high SEP (Chuang et al., 2005; Genereux et al., 2008). Furthermore, there were 
characteristics of the built environment and neighbourhood SEP from which only women’s or 
men’s health or health-related behaviours benefited or suffered (Dragano, Hoffmann, Moebus, 
et al., 2009; Dragano, Hoffmann, Stang, et al., 2009; Freedman et al., 2011; Freedman et al., 
2008; Grafova et al., 2008; Stephanie A. Prince et al., 2012; S. A. Prince et al., 2011; Stafford 
et al., 2005; M. C. Wang et al., 2007). However, no systematic findings which specific factors 
of neighbourhood SEP or the built environment have stronger effects to men’s or woman’s 
health were found across studies.  
Therefore, this review suggests that aspects of sex/gender differences towards associations 
between socioeconomic and neighbourhood built environments and health need further 
investigations. Local specific social policies, or shared social norms and values may further 
contribute to sex/gender specific differences towards contextual neighbourhood exposures and 
neighbourhood perceptions. Moreover, there is still need for further research how SEP 
characteristics, both on the neighbourhood and individual level, modify associations between 
built environments and health and which underlying pathways explain these interactions. As 
introduced in chapter 1.3 and in the proposed conceptual model in chapter 1.5, psychosocial 
mechanisms, such as contextual induced psychosocial stress or benefits, should be considered 
when aspects of socioeconomic vulnerability are investigated. 
Limitations and strengths 
The main strength of this review is that there was an exclusive focus on multilevel studies 
which considered both characteristics of neighbourhood SEP and the objective built 
environment simultaneously. This offered a detailed summary of independent relations to 
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individual health outcomes and behaviours and interactions between these two environmental 
dimensions and individual factors. The systematic consideration of interactions on the 
neighbourhood and the individual level revealed new insight which role these dimensions 
play in epidemiological neighbourhood research and identified where further research is 
needed. A further strength is that the systematic search was not restricted to specific health 
outcomes or age and population groups. As a result, it was possible to identify for which 
health outcomes, health-related behaviours, or population groups evidence is lacking and 
further research is necessary. 
A first limitation of this systematic review is that the qualitative analysis only visualized 
significance or non-significance and direction of associations or interactions and did not make 
any comparisons on strength of the associations. A second limitation is that only titles and 
abstracts were screened with the developed search code. Besides that, the Medical Subject 
Headings used in the PubMed database may not correspond to selected keywords by authors. 
Therefore, the search strategy was maybe not sensitive enough and could not identify all 
relevant studies. To reduce this limitation, all references of included studies were checked. A 
separate search in sources of grey literature was not performed. However, we could not 
identify relevant grey literature which was cited in included studies. 
Recommendations for future multilevel research 
Based on this review the following recommendations for future research in the field of 
multilevel neighbourhood studies are given. For getting a deeper understanding of causal 
pathways between neighbourhood context and individual health the consideration of built or 
social environmental factors as mediating variables would contribute to a deeper theoretical 
understanding of neighbourhood health inequalities. Innovative methods from the field of 
mediation analysis can be applied for different study designs including also a multilevel data 
structure (Krull & MacKinnon, 2001; MacKinnon et al., 2007).   
Furthermore, conceptual models from the scientific field of risk assessment with a specific 
focus on different forms of vulnerability and cumulative environmental exposures on the 
individual and neighbourhood level may provide a good theoretical basis to identify relevant 
vulnerability factors. Such conceptual models provide a good starting point to differentiate 
between various stressors coming from the built environmental, such as noise pollution, or 
which can be identified on the individual level, such as psychosocial stress or a low individual 
SEP (deFur et al., 2007; Levy, 2008). 
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The review detected that sex/gender specific differences in associations between built and 
socioeconomic neighbourhood environments and individual health outcomes and behaviours 
exist. Therefore, integrating gender theoretical concepts and intensifying gender related 
discussions in epidemiological neighbourhood health studies is highly recommended 
(Hammarstrom et al., 2014; Krieger, 2003).   
There is a need to adhere to guidelines on how results from multilevel modelling should be 
reported. One key feature of multilevel models is that they are able to sort out variance 
components both on the neighbourhood and individual level which provide important 
information how individual health varies between and within neighbourhoods, and how much 
of these variance can be explained by contextual factors. Existing glossaries and tutorials 
about multilevel modelling which support a better reporting of multilevel results should 
therefore receive more attention (Diez Roux, 2002; Merlo et al., 2006; Merlo, Chaix, et al., 
2005). 
In some studies it was not clear what kind of cross-level or within-level interactions were 
analysed. Therefore, researchers are encouraged to systematically report if and which cross-
level or within-level interactions were analysed regardless of their statistical significance. 
Moreover, most studies did not provide descriptive statistics about sample sizes of individual 
observations per neighbourhood cluster which is important for assessing potential bias of 
effects or variance estimates. Publishing such statistical information would make quantitative 
comparisons of multilevel models across studies easier. 
The review revealed a great heterogeneity of metrics and definitions of variables describing 
the built environment. The only and most consistent built environmental factor across studies 
was the walkability index. More of such standardized indices measuring the built environment 
would increase comparability across studies. 
Finally, more studies considering both environmental dimensions are needed which focus on 
children, because they are more vulnerable to environmental burdens than other population 
groups (Tamburlini, 2002). Moreover, there is a lack of studies analysing how neighbourhood 
SEP and built environmental factors influence mental health outcomes, such as depression 
(Orban et al., 2016), or health-related risk behaviours, such as smoking or alcohol 
consumption. 
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6.2 Contextual neighbourhood effects on child overweight 
The influence of both neighbourhood SEP and built environmental factors on overweight was 
analysed in two multilevel analyses with cross-sectional data on 3499 children from 18 school 
enrolment zones in the city of Munich. The first analysis considered a socioeconomic index 
derived from PCA describing neighbourhood SEP as a contextual neighbourhood variable. A 
low neighbourhood SEP was significantly associated with overweight while simultaneously 
considering important risk factors for children on the individual level which suggest 
underlying pathways of the built or social environment explaining relations between 
neighbourhood SEP and overweight. 
Apart from neighbourhood SEP the second multilevel analysis considered population 
weighted built environmental variables of playground space and public park space as 
contextual variables on the neighbourhood level. Apart from relevant individual risk factors 
for child overweight, such as parental overweight or SEP, perceived environmental 
neighbourhood variables and housing characteristics were additionally considered on the 
individual level. Both contextual neighbourhood variables and perceived environmental 
variables were not significant in the final multilevel model. Only people living in a multiple 
dwelling had a significantly higher chance being overweight than people living in other house 
types.  
Although neighbourhood SEP was independently associated with overweight in children in 
our first analysis, both studies showed that individual child and family factors played the more 
important role for overweight in young children. A high birth weight, parental overweight, 
and low parental education were significantly associated with overweight in the final 
multilevel model. However, both neighbourhood SEP and perceived and objective built 
environmental neighbourhood factors explained additional overweight variance between 
neighbourhoods.  
Results of individual factors are in line with previous studies investigating most relevant 
individual risk factors for overweight in young children. A systematic review by Shrewsbury 
and Wardle identified that low parental education was the most consistent socioeconomic 
indicator which was associated with overweight in childhood (Shrewsbury & Wardle, 2008). 
Other studies from Germany are also in line with our result: The German Health Interview 
and Examination Survey for children and adolescents (KiGGS) identified parental overweight 
and a low SEP, measured with parents’ income, education, and occupational status, as the 
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strongest predictors for overweight (Kleiser et al., 2009). A study published by Danielzik et 
al. on 5-7 years old children determined parental overweight, low SEP, and a high birthweight 
as the most important risk factors for these age group, too (Danielzik et al., 2004). 
There is also evidence from previous multilevel studies that factors indicating a low 
neighbourhood SEP were associated with overweight in young children independent of 
individual socioeconomic factors (Grow et al., 2010; Koller & Mielck, 2009; L. N. Oliver & 
Hayes, 2005; Lisa N. Oliver & Hayes, 2008). There was great heterogeneity which and how 
many individual SEP and neighbourhood SEP measures were considered. Most studies 
considered only single socioeconomic neighbourhood factors, such as measures of income, 
unemployment, or education, and did not combine them into an index. Some studies only took 
into account single proxies for describing individual SEP, such as the mother tongue (Koller 
& Mielck, 2009) or the insurance status (Grow et al., 2010). Moreover, these identified 
studies did not consider birth weight and parental overweight as potential confounders.  
If not all important characteristics describing individual SEP are considered as confounders 
on the pathway between neighbourhood SEP and overweight, detected relations of 
neighbourhood SEP might reflect neighbourhood composition instead of underlying 
contextual relationships (Pickett & Pearl, 2001). There are also studies showing that 
socioeconomic measures on the area level do not necessarily reflect individual SEP (Diez-
Roux et al., 2001; Pardo-Crespo et al., 2013). Pardo-Crespo et al. compared parental 
education and family income on the individual level and educational and family income data 
on the area level in the context of overweight in children, low birthweight, and smoking 
exposure at home. Concordance analysis showed low Cohen’s kappa coefficients suggesting a 
poor agreement between individual and area SEP measures. 
Although there is heterogeneity across published studies on how built environmental 
measures were assessed, studies on young children which simultaneously considered 
perceived or objective built environmental characteristics, neighbourhood SEP, and individual 
child and family factors showed comparable findings. Perceived parental neighbourhood 
characteristics, such as of green space, physical disorder, places to play, or access to 
supermarkets were not significantly associated with overweight in young children (Hawkins 
et al., 2009; Hrudey et al., 2015).  
Hawkins et al. found out that children with no access to a private garden were significantly 
more likely to be overweight than children having access, adjusted for individual SEP and 
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further overweight risk factors (Hawkins et al., 2009). This association sustains the 
explanation of the significant house type variable where children living in multiple dwellings 
had higher odds being overweight than children living in different houses. As most residents 
in multiple dwellings do not have access to a private garden, children could be limited in 
performing outdoor physical activity in their immediate home environment. Studies focusing 
on outdoor play of young children found out that outdoor play was inversely associated with 
BMI of young children (Kimbro et al., 2011). There is further evidence that outdoor physical 
activity of children happened mostly in a private yard at home (Veitch et al., 2010). 
Results from studies investigating objective measures of the neighbourhood built environment 
and their influence on overweight in young children are also consistent with our non-
significant results of age-specific playground space and park availability, even when built 
environmental measures based on individual home addresses were available in these studies. 
Based on distances to playgrounds from individual home addresses Burdette found no 
independent relation to overweight in 3-5 year old children while simultaneously considering 
aspects of neighbourhood safety, proximity to fast food restaurants, household income, age, 
sex, and ethnicity (Burdette, 2004). Although there were no individual home addresses 
available in the GME data, it was possible to consider playground space specifically designed 
for young children and to take into account age specific population weights of each 
neighbourhood. 
Potwarka et al. assessed public park availability with a variety of measures. Absolute number 
of parks within 1 km, park areas within 1 km, and distance to the closest park from home 
addresses were calculated. Multivariate analysis revealed no independent association between 
each of this three park variables and overweight in 2-9 year old children (Potwarka et al., 
2008). Potestio et al. measured spatial access to public parks and recreation areas objectively 
in four different ways: Total number per 10 000 residents, proportion of park area and park 
service area in the neighbourhood, and average distance to nearest park from postal code 
location of the child. The final multilevel model showed no significant association between 
one of the park variables and overweight in children 3-8 years old (Potestio et al., 2009). 
Limitations and strengths 
One of the major strengths of the two multilevel analyses is to provide new evidence for the 
population group of younger children because there is still a lack of knowledge how 
contextual neighbourhood factors influence health in early childhood, especially in Germany. 
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Furthermore, the study considered a wide range of indicators describing SEP both on the 
individual and neighbourhood level together with further important child and family factors, 
such as parental BMI or birthweight. 
One limitation is that administrative school enrolment zones were used as a proxy for the 
neighbourhood environment. There is no knowledge to what extent these administrative zones 
correlate with the perceived and used neighbourhood environment of the children and their 
parents. 
There were no data available on average household income on the neighbourhood level which 
is a further socioeconomic indicator often considered in neighbourhood studies. Moreover, no 
further data of potential individual risk factors, such as smoking during pregnancy, 
breastfeeding, or data on nutrition were available which potentially confound associations 
between contextual neighbourhood variables and individual overweight. However, there is 
evidence at least for Germany that parental overweight, high birth weight, and socioeconomic 
indicators are the main determinants for overweight in early childhood (Danielzik et al., 
2004), and all these individual determinants were considered in multilevel modelling. 
The study did not include individual data to what extent parents and children use parks or 
playgrounds in their living environment and which neighbourhood factors might influence 
parents and their children to visit public playgrounds (Miles, 2008). Besides that, playground 
and park space data were aggregated to the neighbourhood level because no individual home 
addresses were available. 
For analysing random-slopes and cross-level interactions, 18 level two units might be too low. 
Although simulation studies showed that 18 level two units may be enough for hierarchical 
logistic regression modelling (Austin, 2010), our random intercept estimates should be 
interpreted with caution. Furthermore, due to the small number of level two units and the non-
significant associations between built environmental factors and overweight multilevel 
mediation analysis was not possible in order to explain how much of the association between 
neighbourhood SEP and overweight was attributable to factors from the built environment. 
As both multilevel analyses were cross-sectional conclusions about causal relationships 
should be made with caution. However, for all analysed factors reverse causation is very 
unlikely. The cross-sectional study design was not able to take into account residential 
mobility and to examine whether individuals were exposed to different neighbourhood 
environments before data collection. Besides that, selective residential mobility may bias 
48 
 
detected relationships between neighbourhood contexts and health. If the health outcome 
being analysed influence the choice of neighbourhood selection in individuals, estimates may 
become biased and inconsistent. Previous studies which showed biased result due to 
residential self-selection considered adolescents or adults (Boone-Heinonen et al., 2010; 
Jokela, 2014; Zick et al., 2013). There is still need for further research to what extent 
neighbourhood self-selection bias is present in studies analysing neighbourhood health effects 
in children. 
6.3 Socioeconomically driven environmental neighbourhood inequalities 
Two ecological studies on the neighbourhood level in Munich and Dortmund investigated 
whether neighbourhoods with a lower neighbourhood SEP were exposed to higher 
environmental burdens (noise and air pollution) and lower availability of neighbourhood 
public green space as a health resource. In the case study of Munich the focus was whether 
variations of catchment areas defining green space availability influenced relationships 
between neighbourhood SEP and public green space availability and the application of log-
gamma regression. The case study of Dortmund considered air and noise pollution 
additionally and put the focus more on the development of urban health indicators being 
relevant for planning-related interventions and the identification of hot spot areas with 
available data from the city council and easy replicable methods.  
In the city of Munich a low neighbourhood SEP was significantly associated with lower 
availability of green space. Associations were mostly consistent across models where 
neighbourhood green space availability was assessed with various radius-buffering methods. 
There was a trend that with an increasing size of the catchment area of green space 
availability calculated from neighbourhood centroids the strength of the negative association 
between neighbourhood SEP and green space decreased. Also in Dortmund neighbourhoods 
with a lower SEP had less public green space available and were more exposed to areas 
having higher NO2 and PM10 levels. Only for noise there was no significant correlation. 
Previous ecological studies suggest consistent negative associations between neighbourhood 
income and air pollution (Crouse et al., 2009; Kingham et al., 2007; Pearce & Kingham, 
2008). Moreover, Crouse et al. found a positive association between percentage of residents 
aged over 25 being unemployed and mean NO2 concentrations in Montreal, Canada, which is 
comparable to the socioeconomic neighbourhood variable describing percentage of residents 
receiving either unemployment benefits or social welfare aids used in the Dortmund study. 
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However, there are also contradictive findings for single neighbourhood SEP indicators in 
urban areas. In Montreal, percentage of neighbourhood residents with no high school 
graduation was inversely associated with mean NO2 (Crouse et al., 2009), and also in London 
neighbourhoods having higher proportions of adults with a low education had on average 
lower NOx concentrations (Goodman et al., 2011). 
The analysis in Dortmund revealed no significant correlation between neighbourhood 
deprivation and noise pollution. A study which took place in Berlin, Germany, could also find 
no correlation between a neighbourhood SEP index and combined noise pollution from road, 
trams, air traffic, and railway (Lakes et al., 2014), whereas a study from the Ruhr region 
found a significant negative correlation of neighbourhood income and a positive association 
of unemployment with road traffic noise. However, the significant Pearson correlation 
coefficients showed values <0.2 indicating only a low correlation (Riedel et al., 2011). There 
are also studies which found inverse and non-linear associations between indicators of 
neighbourhood SEP and measures of noise pollution. An environmental inequality analysis in 
Marseilles, France, found out that areas which were relatively deprived on the midlevel were 
most exposed to road traffic noise (Bocquier et al., 2013). A further study on road traffic noise 
from Paris, France, found out that neighbourhood education was positively associated with 
noise pollution whereas non-French citizenship was negatively associated both on the 
individual and neighbourhood level (Havard et al., 2011). 
Environmental inequality studies on air and noise pollution showed a very heterogeneous 
picture on how measures of neighbourhood SEP are associated with such environmental 
burdens. City specific urban development, its link to specific spatial distribution of 
neighbourhood deprivation, and city specific housing markets could explain such mixed 
findings. 
The results of the case study in Munich are in line with previous results showing associations 
between indicators of low neighbourhood SEP and decreasing neighbourhood green space 
availability. Studies are from cities in Germany, Britain, USA, Canada, New Zealand, and 
Australia which highlight the international importance of unequal distributions of 
neighbourhood green space in urban areas (Astell-Burt et al., 2014; Lakes et al., 2014; 
Mitchell et al., 2011; Mitchell & Popham, 2008; Pham et al., 2012; Richardson et al., 2010; 
Shanahan et al., 2014; M. Wen et al., 2013). However, there is a great heterogeneity across 
studies on how green space availability was defined and operationalised. 
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Distribution of green space by socioeconomic neighbourhood characteristics was dependent 
on the different definitions and types of public green which were used in previous studies. 
There is a noticeable trend that relations between a lower neighbourhood SEP and decreasing 
neighbourhood green space availability is most consistent for studies which assessed general 
green space, as in the Munich study, by summarizing various forms of urban green, such as 
parks, trees, shrubs, lawn, forests, or vegetation indices derived from remote sensing data 
(Astell-Burt et al., 2014; Lakes et al., 2014; Mitchell et al., 2011; Mitchell & Popham, 2008; 
Richardson et al., 2010; M. Wen et al., 2013). When specific types of public green were 
analysed, such as public parks, significant associations between a lower neighbourhood SEP 
and increasing green space were also found (Jones et al., 2009; Richardson et al., 2010; M. 
Wen et al., 2013). A study in urban New Zealand identified that disadvantaged 
neighbourhoods have less general green space, however, have marginally more usable green 
space available than more affluent neighbourhoods. Usable green space included parkland, 
beaches, and non-commercial forestry (Richardson et al., 2010). 
Some studies applied distance based methods to measure access to green space areas which 
might also explain mixed findings (Jones et al., 2009; M. Wen et al., 2013). Wen et al. found 
out that more deprived neighbourhoods across urban areas in the USA have less availability 
of vegetated land, however, have shorter distances to public parks (M. Wen et al., 2013). 
Results from a study in the city of Bristol showed that more deprived neighbourhoods have 
lower mean distances to public green spaces, except of well-maintained formal green spaces 
with structured paths and an organised outline, and sport green spaces for which distances 
were higher in deprived areas (Jones et al., 2009). 
Such results indicate that the distribution of different types of green space and their quality 
play a considerable role. In the context of health, public parks and other recreational facilities 
could be more relevant for physical activity (Bancroft et al., 2015; Kaczynski & Henderson, 
2007) whereas overall green space or urban forests could be more important in relation to the 
reduction of air pollution and temperature regulation which support healthy living 
environments in general (Bowler et al., 2010; Nowak et al., 2006) or the positive impact on 
mental health outcomes (Cohen-Cline et al., 2015). 
There is evidence that different geographic scales in environmental justice related studies can 
influence results on associations between socioeconomic indicators and environmental 
burdens or resources (Baden et al., 2007). For that reason, GIS based methods were applied in 
the Munich case study to define different catchment areas based on administrative boundaries 
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and centroids. Most previous studies used also administrative boundaries, predominantly 
census tracts, as the catchment area for the measurement of green space availability because 
for such areas socioeconomic factors were available (Lakes et al., 2014; Mitchell et al., 2011; 
Mitchell & Popham, 2008; Richardson et al., 2010; M. Wen et al., 2013). Some studies, 
mainly from urban planning research, applied also spatial interpolation and weighting 
techniques to disaggregate socioeconomic data on the area level to smaller units in order to 
combine them with green space measures on a smaller scale (Pham et al., 2012; Shanahan et 
al., 2014). Many spatial methods on the disaggregation of small area data exist (J. A. Maantay 
et al., 2007), and there is still need for further research to what extent spatial disaggregation 
methods for socioeconomic data obtain different results in environmental inequality analyses 
in comparison to studies relying on the original census data. 
The study showed that both radius-buffering methods for defining the catchment area of 
neighbourhood green space, one based on administrative boundaries and one based on 
centroids, revealed significant negative associations between a low neighbourhood SEP and 
green space availability. If no individual data concerning home addresses or individual SEP 
are available, small administrative units provide therefore a good starting point to analyse 
environmental inequalities. There were differences in the strengths of the associations, 
especially for catchment areas based on neighbourhood centroids. With increasing radii the 
strength of the associations decreased. For catchment areas based on administrative 
neighbourhood boundaries and relating buffers, parameter estimates were more homogeneous 
across models. In general, results from this study suggest that both GIS methods are adequate 
to measure green space availability on the neighbourhood level and should be considered in 
future studies. This analysis showed in particular that catchment areas based on 
neighbourhood boundaries including a small buffer, such as of 200 m, and catchment areas 
based on centroids with a 1000 m radius may serve as a good proxy for analysing 
socioeconomic related green space inequalities on the neighbourhood level. For these 
measures significant and strongest associations were found, and they are comparable with 
other studies which used a radius of 800 m around individual home addresses considered as a 
common maximum walking distance for reaching neighbourhood resources or other facilities 
(Coombes et al., 2010; Giles-Corti et al., 2013; Gose et al., 2013; Van Dyck et al., 2009). 
From a methodological point of view this study showed that GLMs offer a suitable parametric 
modelling strategy for positively distributed environmental variables. Therefore, it is 
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recommended to use this approach in future studies to investigate environmental inequalities 
dealing with skewed distributions of the response variable. 
Limitations and strength 
One of the main strengths of the case study in Munich is that various catchment areas for 
green space availability were considered in order to check whether these different area 
definitions influence the hypotheses that more deprived neighbourhoods have less green space 
available. Moreover, log-gamma regression from the group of generalized linear models as a 
powerful parametric approach was applied which adequately addressed the distribution of our 
response variable. The case study in Dortmund examined both environmental burdens and 
resources and developed indicators based on data which were routinely collected by the city 
administration which could make replications and comparisons across cities much easier. 
Both studies focused on overall public green space availability and did not consider private 
green spaces. There were no detailed data on quality characteristics of single green space 
types available which can also vary by socioeconomic neighbourhood characteristics and 
influence usage of green space areas (Jones et al., 2009; L. V. Moore et al., 2008; Weiss et al., 
2011). Moreover, it was not possible to calculate individual distance-based distances to green 
spaces or individual exposures to air and noise pollution because no home addresses were 
available. 
A further limitation is that both studies assume spatial independency of neighbourhood 
observations. The presence of spatial autocorrelation violates the assumption of independent 
observations for regression analysis and therefore may cause biased effect estimates if not 
controlled for it (Goodman et al., 2011; Shanahan et al., 2014). A further uncertainty is based 
on the aggregated unit of analysis called the modifiable area unit problem (MAUP). Different 
geographic aggregations of the same data, which vary in size and shape, may cause different 
effect measures (J. Maantay, 2002). 
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7 Overall conclusions 
The consideration of more than one environmental neighbourhood dimension is important for 
increasing knowledge on how socioeconomic, built, and social neighbourhood characteristics 
are associated with individual health. It offers the possibility to analyse mediating and 
interacting pathways. A simultaneous consideration of contextual and individual factors in 
multilevel modelling offers quantitative conclusions on how neighbourhood heterogeneities 
contribute to health inequalities and which effects of public health programmes targeting 
healthy living environments may be expected in relation to individual orientated 
interventions. 
Results from multilevel analyses sustain recommendations that policies and interventions 
targeting overweight prevention in early childhood should address parental behaviours and the 
immediate home environment of the family and their children. Considering neighbourhood 
built environments in intervention planning additionally could result in more effective 
prevention strategies. 
Against the background of potential health effects of public green space and air pollution, a 
socioeconomic unequal distribution of environmental burdens and resources may amplify 
health inequalities within cities. Combining socioeconomic and environmental data on the 
neighbourhood level, which are mostly easy accessible, allow the identification of vulnerable 
areas facing multiple environmental burdens which further identifies options for urban 
planning interventions. From a methodological point of view the combination of GIS, for 
defining various catchment areas of green space availability, with parametric modelling 
approaches for positively distributed environmental variables contributes to the evidence of 
unequal distributions of environmental neighbourhood resources in urban contexts. 
Increasing knowledge about the health impact of the built environment and the socioeconomic 
distribution of environmental burdens and resources will contribute to the reconnection of 
urban planning and public health. A sustainable healthy city development needs 
transdisciplinary cooperation between urban planning and public health (Corburn, 2004; 
Northridge et al., 2003). Ecosocial approaches from epidemiology, concepts from 
environmental justice addressing socioeconomically driven environmental inequalities, and 
the increasing combination of epidemiological and urban planning methods, such as through 
GIS, contribute to this reconnection. 
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Annex A.1  Interactive and independent associations between the 
socioeconomic and objective built environment on the 
neighbourhood level and individual health: a systematic review of 
multilevel studies 
 
Reference:  
Schüle, S. A., & Bolte, G. (2015). Interactive and independent associations between the 
socioeconomic and objective built environment on the neighbourhood level and individual 
health: a systematic review of multilevel studies. PloS One, 10(4), e0123456. doi: 
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Link to full article: 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0123456 
 
Due to a production fault concerning the illustration of tables by the Journal Plos One, a 
submitted manuscript is attached containing all corrections. A corrigendum of the article is in 
progress and will be published under the same reference mentioned above. 
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Abstract 
Background: The research question how contextual factors of neighbourhood environments 
influence individual health has gained increasing attention in public health research. Both 
socioeconomic neighbourhood characteristics and factors of the built environment play an 
important role for health and health-related behaviours. However, their reciprocal 
relationships have not been systematically reviewed so far. This systematic review aims to 
identify studies applying a multilevel modelling approach which consider both neighbourhood 
socioeconomic position (SEP) and factors of the objective built environment simultaneously 
in order to disentangle their independent and interactive effects on individual health. 
Methods: The three databases PubMed, PsycINFO, and Web of Science were systematically 
searched with terms for title and abstract screening. Grey literature was not included. 
Observational studies from USA, Canada, Australia, New Zealand, and Western European 
countries were considered which analysed simultaneously factors of neighbourhood SEP and 
the objective built environment with a multilevel modelling approach. Adjustment for 
individual SEP was a further inclusion criterion. 
Results: Thirty-three studies were included in qualitative synthesis. Twenty-two studies 
showed an independent association between characteristics of neighbourhood SEP or the built 
environment and individual health outcomes or health-related behaviours. Twenty-one studies 
found cross-level or within-level interactions either between neighbourhood SEP and the built 
environment, or between neighbourhood SEP or the built environment and individual 
characteristics, such as sex, individual SEP or ethnicity. Due to the large variation of study 
design and heterogeneous reporting of results the identification of consistent findings was 
problematic and made quantitative analysis not possible. 
Conclusions: There is a need for studies considering multiple neighbourhood dimensions and 
applying multilevel modelling in order to clarify their causal relationship towards individual 
health. Especially, more studies using comparable characteristics of neighbourhood SEP and 
the objective built environment and analysing interactive effects are necessary to disentangle 
health impacts and identify vulnerable neighbourhoods and population groups. 
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Background 
Since the late 1990s an increasing number of epidemiological studies have analysed whether 
the socioeconomic, built, social or ethnic neighbourhood environment have an independent 
effect on individual health outcomes or health-related behaviours [1,2]. There is an overall 
conclusion that underlying mechanisms of the association between neighbourhood 
environments and health are quite complex and both mediating and interacting mechanisms 
should be considered. Therefore, various conceptual models were developed describing 
pathways explaining associations between neighbourhood context and individual health [2-9]. 
For a better systematization of possible connections between neighbourhood characteristics 
and individual health a distinction between compositional and contextual effects is widely 
established in the literature. A compositional effect is present if health differences between 
neighbourhoods are attributed to individual characteristics, the so-called composition of 
neighbourhood residents, such as individual health behaviours, health status or individual 
socioeconomic position (SEP). The term contextual effect is used if variables at the 
neighbourhood level, such as features of the built or social environment, have an effect on 
individual health outcomes while adjusting for possible confounders at the individual level to 
avoid an ecological fallacy [10-12]. This more abstract distinction has also been discussed 
critically in the literature [13]. However, it provides a good basis for suggesting conceptual 
pathways in which ways neighbourhood context can affect individual health.  
To separate out potential contextual neighbourhood effects from individual effects a 
multilevel modelling approach is an appropriate analytic strategy addressing such issues. 
Multilevel modelling offers the possibility to sort out how much variance of health outcomes 
between neighbourhoods is related to individual factors and how much is explained by 
contextual factors on the neighbourhood level. A multilevel model combines data on at least 
two hierarchical levels: aggregated variables on the neighbourhood level (2nd level) and 
variables on the individual level from residents within the neighbourhood (1st level). Thus, 
simultaneous examinations of independent effects of each level and interactions within and 
across levels on individual health outcomes are possible while accounting for the potential 
dependency of individual observations sharing the same characteristics of higher level 
variables [11,14]. 
Systematic reviews showed that most neighbourhood studies focused on factors of 
neighbourhood SEP from aggregated census data. They analysed whether neighbourhood SEP 
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has a contextual effect on individual health while simultaneously adjusting for individual 
socio-demographic characteristics. Many of these studies found out that a low neighbourhood 
SEP was independently associated with poor health, such as increased mortality risk, poor 
self-rated health, depressive symptoms, low birth weight or cardiovascular risk factors [15-
22]. Evidence from these studies raised the question which underlying factors explain 
independent associations between neighbourhood SEP and individual health. Many studies 
hypothesized that poor neighbourhoods are exposed to a poor built environment, such as air 
pollution, lack of green space or an unhealthy food environment. Thus, an integrated 
consideration of neighbourhood SEP, built environmental factors and socioeconomic factors 
on the individual level is needed to explore underlying mechanisms how neighbourhood SEP 
and the built environment are connected and associated with health. 
The term ‘built environment’ can be systematically differentiated from the term ‘natural 
environment’. Both terms belong to the physical environment. Schulz and Northridge define 
the built environment as that part of the physical environment which “encompass all of the 
buildings, spaces, and products that are created or significantly modified by people (…)” 
(Page 456) [23]. In urban environments none of the environment is natural because even parks 
including natural components, such as green space or water, are to some extent created or 
modified by people, and can be assigned to the built environment, too. Thus, the built 
environment covers many dimensions in an urban context, such as land use, transportation 
systems, services, public resources, zoning regulations or building characteristics [24]. The 
built environment can be measured subjectively or objectively. Subjective measures are 
mostly self-reported perceptions conducted in survey questionnaires. Objective measures can 
be either collected in the field or obtained from existing land use data in Geographic 
Information Systems (GIS). Systematic reviews focusing on the evidence how factors of the 
built environment influence health indicated the increasing importance of this neighbourhood 
dimension [25-29]. These reviews considered primarily cardiovascular risk factors, such as 
overweight or low physical activity. Though studies of the built environment gave partly 
inconsistent results, all reviews concluded that the built environment can significantly impact 
individual health. 
The links between neighbourhood SEP and exposures from the built environment and health 
are captured by the environmental justice framework. A conceptual model derived from this 
framework contains two main hypothetical pathways how socioeconomic position, 
environmental exposures and health are connected: The first hypothesis states that 
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environmental exposures are social unequally distributed (exposure variation by SEP), the 
second hypothesis states that neighbourhoods or individuals with a low SEP are more 
vulnerable to environmental exposures [30]. 
Both neighbourhood SEP and built environmental factors play a significant role for 
explaining health inequalities between neighbourhoods. However, to the best of our 
knowledge a systematic review focusing on to what extent both characteristics of 
neighbourhood SEP and the built environment are simultaneously considered in 
epidemiological neighbourhood studies, and how they interact with each other or with 
individual characteristics has not been carried out so far. 
The overall goal of this systematic review is to identify epidemiological studies with a 
multilevel modelling approach considering characteristics of neighbourhood SEP and the 
objective built environment simultaneously in order to disentangle their independent or 
interactive effects on individual health outcomes. 
The primary research questions is, how characteristics of neighbourhood SEP and the 
objective built environment are associated with individual health outcomes or health-related 
behaviours if both dimensions are considered simultaneously in multilevel modelling. 
Secondary, the review summarizes knowledge on interactions between neighbourhood SEP, 
the built environment and individual SEP. 
Methods 
The three databases PubMed, PsycINFO, and Web of Science were searched on the 5
th
 of 
November 2013. The research question, search strategy and inclusion criteria were developed 
before the review process. There is no registered protocol reference number, however. Search 
terms were generated for title and abstract screening in order to identify neighbourhood 
studies with a multilevel modelling approach considering both socioeconomic and built 
environmental factors. In order to identify synonyms for the terms ‘neighbourhood’, ‘built 
environment’, ‘socioeconomic environment’ and ‘multilevel modelling’, the terminology in 
already existing reviews and their cited studies dealing with these topics were additionally 
considered. In PubMed terms of Medical Subject Headings were taken into account (Table 1). 
Title and abstracts were screened by two reviewers independently with predefined inclusion 
criteria. A third reviewer was consulted if there was disagreement. If one of the inclusion 
criteria could not be clearly identified in the abstract, the full text of the record was analysed 
for eligibility by one reviewer. An explicit search on grey literature was not performed 
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because the review focused on observational epidemiological studies applying advanced 
statistical modelling which are most likely to be found in scientific journals. However, to take 
into account potential publication bias, we did not limit our analysis on papers published in 
peer-reviewed journals. References of finally included records were additionally checked. 
Neighbourhood studies applying a multilevel modelling approach are a relatively recent study 
type. Therefore, we did not restrict our search to a specific time period. 
As suggested by Krieger et al. the term ‘socioeconomic position’ (SEP) is used. The term 
‘SEP’ combines actual economic and social resources with prestige-based characteristics 
which relatively position individuals, households and neighbourhoods in society [31,32]. 
The following inclusion criteria were applied: 
1. Observational studies applying multilevel modelling and considering factors of the 
neighbourhood environment as higher level variables. Studies focusing exclusively on 
other environments were excluded, such as the school or work environment. 
Moreover, studies taking into account subjects from clinical settings or focusing on 
study populations with health problems were also excluded. Clinical trials and 
intervention studies were excluded, too. 
2. Studies from USA, Canada, Australia, New Zealand and Western European Countries 
3. Physical or mental health outcomes, or health-related behaviours measured at the 
individual level. 
4. Simultaneous consideration of at least one characteristic of neighbourhood SEP from 
the whole neighbourhood population and at least one objective measure of the built 
environment in one multilevel model. Studies were excluded if neighbourhood SEP 
was only considered as an adjustment variable. 
5. Measures of the objective built environment. Papers were excluded which considered 
only measures of the perceived built environment. Studies showed that there is low to 
moderate agreement between objective and perceived measures of the built 
environment [33,34]. Moreover, studies which assessed the neighbourhood built 
environment via observational methods with trained staff were also excluded due to 
limitations in validity [35]. 
6. Adjustment for at least one individual socioeconomic factor. Ethnicity alone was not 
considered as a sufficient indicator for socioeconomic position [36]. Therefore, studies 
considering only specific ethnic population samples were also excluded. 
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Each included study was described in a summary table and coded related to: outcome, 
population sample, country, considered factors of neighbourhood SEP and the objective built 
environment, and individual and further contextual factors. Because the review focused on 
neighbourhood SEP and the objective built environment, other considered neighbourhood 
characteristics in the study, such as measures of crime, social capital, residential stability, 
perceived built environment or segregation were indicated also in the last column (Table 2). 
In a qualitative analysis independent and interactive effects of the built environment and 
neighbourhood SEP towards individual health outcomes were visualized in four tables 
grouped by similar health outcomes or health-related behaviours. All variables with a p-value 
<0.05 in the final multilevel model were reported as statistically significant. No quantitative 
assessment for risk of bias in individual studies was performed. However, in each study 
sample size, number of observations per neighbourhood and total number of considered 
neighbourhood clusters were checked, because simulation studies showed that small sample 
sizes in multilevel studies result in biased effect estimates [37-40]. The review was conducted 
in accordance to the PRISMA statement [41]. A checklist is provided in the supplements. 
Results 
After removing of duplicates 858 records were taken into account for abstract screening. 686 
records were excluded based on abstracts and titles. There was a disagreement on 14 abstracts 
resulting in an agreement of 91.4% between the two independent reviewers. 172 records were 
included into full text analysis, and 24 of them met all inclusion criteria. Nine studies were 
additionally identified through the analysis of references from the 24 papers selected by full 
text analysis. These nine studies also underwent abstract screening and full text analysis. 
Finally, 33 studies were considered for qualitative analysis (Figure 1). 
Description of studies and sample size assessment 
Except of one study, all had a cross-sectional study design and most of them were conducted 
in the United States (Table 2). Seven studies investigated exclusively outcomes measuring 
various forms of physical activity [42-48]. One of these seven studies analysed people 45 
years or older [44] and one used data from adolescents aged 13-15 years [46]. The other five 
analysed an adult population sample. 
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Six studies examined exclusively measures indicating overweight or obesity either directly 
with the Body Mass Index (BMI) as a continuous variable or with BMI thresholds for 
overweight or obesity [49-54]. Two of them used data from older adults [49,50]. 
Five studies analysed both measures of physical activity and overweight [55-59] including 
one study which considered additionally mental and physical quality of life, and depressive 
symptoms [59]. One of these studies used data from students aged 13-16 years [58]. 
Four studies investigated how neighbourhood context was associated with perinatal health 
outcomes [60-63] and one longitudinal study focused on child accidents and injuries in 
children aged 0-5 years [64]. Five studies analysed self-rated health or self-reported health 
problems [65-69], and two of them considered a population sample 55 years or older [67,68]. 
One study focused exclusively on stress [70], one on smoking [71], one on heavy alcohol 
consumption [72] and two on objectively measured coronary artery calcification in adults 
aged 45-75 years [73,74]. 
Regarding characteristics of neighbourhood SEP 16 studies calculated an index capturing 
various socioeconomic characteristics of the neighbourhood population [47,49-52,54-57,65-
72]. The others used single indicators of neighbourhood SEP, such as measures of income, 
education, poverty or unemployment. 
The objective built environment was described with a variety of measures. Indices for 
walkability, land use mix and urbanity were calculated. Single land use types were also 
considered, such as retail, recreational areas, restaurants, fast food outlets, cultural and 
education institutions, or health and human services. Environmental pollution, such as from 
traffic or waste sites, was mainly investigated in studies focusing on perinatal health, mental 
health or self-rated health. Eleven studies calculated built environmental measures on the 
individual level [49,51,57,60-63,71-74], such as individual distances from residential 
addresses to shops or main roads. 
There was a great heterogeneity concerning sample size both of individual observations and 
neighbourhood clusters. Sample size ranged from 637 to 425,752 individual observations and 
the number of considered neighbourhood clusters ranged from 24 up to 4,604 
neighbourhoods. Unfortunately, only a minority of included studies gave detailed descriptive 
information about the number of observations per neighbourhood. Referring to simulation 
studies performed on sample sizes for multilevel models, most of the reviewed studies 
showed a sufficient size of neighbourhoods and individual observations [37-40]. However, 
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due to missing information in many studies about the range of individual observations within 
neighbourhood clusters we could not assess whether these effect estimates could be biased. 
Associations between socioeconomic and built environments and physical activity 
Two studies detected associations between neighbourhood SEP and physical activity 
independent from the built environment and individual factors (Table 3). In the first study a 
high neighbourhood income was negatively associated with walking for transport and 
positively with motorized transport [43], and in the second a high neighbourhood education 
was positively associated with various measures of walking [44]. One study found an 
interaction between neighbourhood SEP and sex [47]: The positive association between a 
high neighbourhood SEP and physical activity was mitigated for men. 
Seven studies detected associations between the built environment and physical activity 
measures independent from neighbourhood SEP and individual factors. Three found a 
positive association between a walkability index and walking behaviours and physical activity 
[43,45,59]. Moreover, a walkability index was inversely associated with motorized transport 
[43]. One study detected an unexpected positive association between a walkability index and 
self-reported sitting behaviour and objectively measured sedentary time [42]. Urbanity was 
positively associated with utilitarian walking and negatively with recreational walking [44]. 
One study detected an independent positive association between number of restaurants and 
bars and regular exercise [47]. A further study analysing physical activity in students found a 
negative association between a calculated compactness index and sport participation and a 
positive association between number of sport facilities and sport participation [58]. 
Most studies considering single land use types, such as retail or recreational areas, found no 
associations. In five studies interactions were detected. Studies showed that associations 
between recreational land use, retail or availability of restaurants varied by sex or ethnicity 
[55-57]. One study showed a positive association between park areas and leisure time 
physical activity only for women [55]. An inverse association between green space and 
overall physical activity was observed only for men [56]. The same study showed a positive 
association between number of restaurants and overall physical activity only for women and a 
positive association between number of convenience stores and overall physical activity only 
for men. A third study demonstrated a positive association between number of markets and 
utilitarian walking only for non-Hispanic whites, a negative association between street 
connectivity and recreational walking only for African Americans, and a negative association 
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between block length and recreational walking was slightly stronger for non-Hispanic whites 
[57]. 
One study detected two interactions: One between a walkability index and individual reported 
reasons why people choose their neighbourhood and another between the walkability index 
and education. There was a positive association between a walkability index and walking for 
transport only for people who choose their neighbourhood because of a good perceived 
neighbourhood environment (closeness to job, school, shops, services or good perceived 
walkability) and only for people with 12 or more years of education [48]. In a second study 
neighbourhood income moderated the association between walkability and physical activity. 
A positive association between walkability and two outcomes of average activity level and 
moderate-to-vigorous physical activity was only significant in low income neighbourhoods 
[46]. 
Associations between socioeconomic and built environments and overweight 
Eight of eleven studies showed significant associations between indicators of neighbourhood 
SEP and BMI, overweight or obesity independent from individual and built environmental 
factors (Table 4). Three studies found a negative association between a high neighbourhood 
SEP and BMI, overweight or obesity [49,50,52]. Two found a positive association between a 
low neighbourhood SEP and BMI [51,54]. A high neighbourhood income was negatively 
associated with BMI and obesity [58], a low neighbourhood income was positively associated 
with BMI and obesity [59], and a low neighbourhood education was positively associated 
with BMI [53]. 
Two studies on overweight showed interactions between neighbourhood SEP and individual 
characteristics. One study found out that an unexpected inverse association between a low 
neighbourhood SEP and overweight or obesity was only significant for men [56]. A further 
study detected a negative association between a high neighbourhood SEP and BMI only for 
non-Hispanic whites [57]. 
Seven studies detected significant associations between built environmental factors and 
measures of overweight independent from neighbourhood SEP and individual characteristics. 
Two studies detected an independent inverse association between measures of street 
connectivity and BMI or obesity [52,58] and one of them showed a positive association 
between distances to parks and obesity [52]. Low walkability was positively associated with 
overweight or obesity in one study [59]. There was a negative association between density of 
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sport facilities in a one mile radius around home address and BMI [49]. A further study found 
an unexpected negative association between number of restaurants and overweight or obesity 
[56]. A further study showed a positive association between number of restaurants and BMI, 
however, the total number of restaurants included also fast food outlets [54]. 
In six studies interactions were shown. A negative association between street connectivity, 
number of parks in a one mile radius around the home address and BMI was only significant 
for non-Hispanic whites [57] and an inverse association between air pollution and obesity was 
only significant for women [50]. One study showed a significant positive association between 
number of convenience stores, fast food restaurants, park areas and overweight or obesity 
only for women [55]. A further study detected that a positive association between fast food 
outlets and BMI was mitigated for car owners [54]. 
There was a negative association between proximity to ethnic markets and supermarkets from 
home address and BMI only for women and, on the other hand, a positive association between 
neighbourhood density of grocery stores and BMI also only for women [51]. A further study 
detected a significant positive association between number of specialty stores and overweight 
or obesity only for women, too. The same study found an inverse association between green 
space and overweight or obesity for women and a positive association for men, however. 
Moreover, a significant positive association between summer outdoor facilities and the two 
outcomes of overweight and obesity was also only detected for women [56]. 
Associations between socioeconomic and built environments and health outcomes and 
health-related behaviours 
Most studies detected significant associations between neighbourhood SEP and health 
outcomes or health-related behaviours (Table 5). Six studies found significant associations 
between neighbourhood SEP and individual health outcomes or health-related behaviours 
independent from the built environment and individual characteristics. A high neighbourhood 
income was positively associated with physical quality of life [59]. One study found a positive 
association between a high neighbourhood SEP and heavy alcohol consumption [72]. A 
further study detected a positive association between neighbourhood unemployment and 
artery calcification [74]. There was an inverse association between a low neighbourhood SEP 
and a health score derived from self-reported health problems. Higher values of the score 
indicated better health [66]. Neighbourhood unemployment was positively associated with 
bad self-rated health [65]. One study which analysed disability in people aged 55 or older 
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detected a negative association between a high neighbourhood SEP and minor reported body 
limitations [68]. 
Three studies detected associations between built environmental factors and health outcomes 
independent from neighbourhood SEP and individual factors. A walkability index was 
inversely associated with mental quality of life and positively with more depressive symptoms 
[59]. One study found a negative association between traffic and a health score calculated 
from self-reported health problems. Higher values of the score indicated better health [66]. In 
another study waste sites and traffic were positively associated with reported day-to-day stress 
[70]. 
In eight studies factors of neighbourhood SEP or the built environment interacted with 
individual characteristics. There was a positive association between a low neighbourhood SEP 
and reported heart problems only for women aged 55 years or older [67]. One study detected 
that an inverse association between a high neighbourhood SEP and number of smoked 
cigarettes per day was stronger for residents with a higher individual SEP [71]. 
Neighbourhood unemployment interacted both with sex and traffic in a further study. For men 
there was a positive association between neighbourhood unemployment and artery 
calcification with an individual distance to the next major road <100 meter from their home 
address. Unexpectedly, a positive association between neighbourhood unemployment and 
artery calcification was significant for women with a distance to the next major road >100 
meter [73]. Another study found a positive association between neighbourhood 
unemployment and bad self-rated health only for women [69]. One study considered 
neighbourhood SEP as a moderator on the association between individual reported stress and 
a calculated health score from self-reported health problems. Higher values of the score 
indicated better health. The negative association between higher reported stress and a higher 
health score was mitigated in areas with a high neighbourhood SEP and stronger in areas with 
present residual waste operations [66]. In a further study, a positive association between a low 
neighbourhood SEP and self-reported limitations in daily activities from people aged 55 or 
older was only significant for men [68]. 
In the only identified study on smoking, the positive association between convenience store 
density per square mile and number of smoked cigarettes per day was mitigated for 
individuals with a higher SEP and, in contrast, was stronger in neighbourhoods with a high 
SEP. A positive association between number of convenience stores in a one mile radius 
around home address and number of smoked cigarettes was also stronger in neighbourhoods 
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with a high SEP. Furthermore, a negative association between distance to convenience stores 
from home address and number of smoked cigarettes per day was stronger in neighbourhoods 
with a high SEP [71]. 
One study found a positive association between distance to a major road ≤50 m from home 
address and artery calcification only for men [74]. One study on self-rated health showed a 
positive significant association between a lower food score and bad self-rated health only for 
men. Lower values of three other scores (bank/building society score, physical environment 
score, health service score) were significantly positively associated with bad self-rated health 
only for women [69]. A further study exploring the same built environmental variables found 
out that a low physical environment score was positively associated with bad self-rated health 
and was stronger for non-working study participants [65]. 
Associations between socioeconomic and built environments and perinatal outcomes and 
child health 
Most studies on perinatal health found interactive associations (Table 6). Only one study 
showed that a high neighbourhood income was independently positively associated with birth 
weight and negatively with small for gestational age [61]. A further study on child accidents 
and injuries did not find an association either of neighbourhood unemployment nor the built 
environment [64]. 
One study gave an interaction between neighbourhood SEP and maternal risk factors. The 
overall inverse association between neighbourhood poverty and lower birth weight was 
stronger for individuals with rare maternal risk factors [60]. 
Regarding the built environment mostly traffic-related measures were analysed. Only one 
study found an independent negative association between air pollutants and birth weight [60]. 
All other built environmental factors interacted with neighbourhood SEP or individual factors 
or were not significant. One study detected a positive association between distance to 
highways from home address, percentage of open space and birth weight only for mothers 
with a high education [61]. In one study a positive association between proximity to highways 
and three outcomes of preterm birth, low birth weight, and small for gestational age was only 
significant in neighbourhoods with a high neighbourhood income. Moreover, the positive 
association between proximity to highways from home address and the two outcomes of 
preterm birth and low birth weight were only significant for mothers with a university 
education [62]. However, in a further study a positive association between distance weighted 
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traffic density and preterm birth was only significant in neighbourhoods with a low SEP index 
in winter time [63]. 
Discussion 
This systematic review identified and qualitatively analysed studies applying multilevel 
modelling which simultaneously considered characteristics of neighbourhood SEP and the 
objective built environment and analysed their effects on individual health outcomes or 
health-related behaviours. 
Sixteen studies found associations between neighbourhood SEP and individual health 
independent from built environmental and individual characteristics. Fourteen studies showed 
associations between built environmental characteristics and individual health independent 
from neighbourhood SEP and individual characteristics. In seven studies simultaneous 
independent associations of neighbourhood SEP and the objective built environment were 
identified. Twenty-one studies showed cross-level or within-level interactions either between 
neighbourhood SEP and the built environment, or between neighbourhood SEP and individual 
characteristics, or between the built environment and individual characteristics. 
Although we grouped our studies by similar health outcomes, a systematic assessment to what 
extend neighbourhood SEP and the built environment influenced individual health and health-
related behaviour independently and dependently from each other or were modified by 
individual characteristics was difficult. The most frequently analysed outcomes were 
measures of physical activity and overweight. A lower neighbourhood SEP was mostly 
associated with higher BMI, overweight, obesity, bad self-rated health or artery calcification 
independent from built environmental and individual factors [51,53,54,59,65,66,74]. 
However, most studies analysing measures of physical activity did not find associations 
between neighbourhood SEP and measures of physical activity. Objective built environmental 
metrics indicating higher walkability were often associated with measures of higher individual 
physical activity independent from neighbourhood SEP and individual factors [43,45,59]. 
This review showed that interactions play an important role. Individual characteristics, such 
as sex, ethnicity or individual SEP, often modified associations between neighbourhood SEP 
or the objective built environment and individual health. However, it became not clear how 
neighbourhood SEP and built environmental characteristics interacted with sex. There were 
characteristics of the built environment and neighbourhood SEP from which only women´s or 
men´s health benefited or suffered [50,51,55,56,67-69,73,74]. No systematic findings which 
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specific factors of neighbourhood SEP or the built environment are more harmful to men´s or 
women´s health could be detected. 
Various moderating associations of neighbourhood SEP on associations between the built 
environment and health were identified. Some studies observed an impact of a health 
promoting built environment only in neighbourhoods with a low SEP [46]. On the other hand 
there were studies demonstrating that associations between factors of a higher built 
environmental burden and poor health or negative health behaviours were only significant or 
stronger in neighbourhoods with a high SEP [62,71]. In contrast, one study found out that 
only individuals living in a low SEP neighbourhoods were affected by higher built 
environmental burdens [63]. 
A variety of measures both of socioeconomic and built environments were studied which may 
partly explain mixed results. Especially concerning metrics and definitions of built 
environmental variables, there was a great heterogeneity. The majority of all studies 
calculated weighted numbers of various facilities, such as stores, sport and recreational 
facilities, parks, or restaurants. There was a great variety concerning the weights that were 
used. The most used weights were: fixed number of residents, number of neighbourhood 
residents, neighbourhood size or square kilometre, distance based buffer around each 
individual´s home address, or the centroid of the neighbourhood. Moreover, many studies 
calculated indices, mostly derived from factor analysis. The number and kind of built 
environmental variables contained in these scores was too heterogeneous for drawing 
comparisons. The only comparable index across studies was the walkability index. A minority 
of studies calculated distance based measures, such as to main roads, stores or parks. 
Distances were calculated either from individual home addresses or from neighbourhood 
centroids. The limited comparability across studies is consistent with previous systematic 
reviews, which focused either on a specific health outcome or exclusively on one 
neighbourhood environmental dimension [18,21,26,28]. 
A further explanation for inconsistent results could be that built environments and 
socioeconomic neighbourhood structures vary across countries and continents. Besides that, 
these variations can be shaped by country specific social and housing policies on the 
neighbourhood level. 
Studies were included which considered at least one individual socioeconomic factor, one 
factor of neighbourhood SEP and one of the objective built environment. However, apart from 
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sex and age, studies varied by the number of included individual and contextual variables that 
might explain mixed results, too. Individual data on health behaviours, such as smoking or 
nutrition, and family status (e.g. marital status) were in some studies additionally considered. 
Many studies included also factors of the social environment, such as crime or characteristics 
of social capital in the neighbourhood. Individual and contextual characteristics may mediate 
associations on the pathway between neighbourhood SEP and individual health or between 
built environmental factors and individual health. The study by Reading et al. is an example 
where individual factors completely mediated the association between neighbourhood context 
and child accidents [64]. 
Limitations 
A first limitation is that our qualitative analysis only visualized significance or non-
significance and direction of associations or interactions and did not make any comparisons 
on strength of the associations. The operationalization of variables was too heterogeneous 
across studies to perform meaningful quantitative comparisons. A second limitation is that our 
search code was mainly based on title and abstract screening. Besides that the Medical 
Subject Headings used in the PubMed database may not correspond to selected keywords by 
authors. Therefore, our search strategy was maybe not sensitive enough and could not identify 
all relevant studies. To reduce this limitation, we checked all references of included studies. 
We assumed that there were no relevant studies in grey literature. Therefore, we did not 
perform a separate search in sources of grey literature. Our assumption was sustained by the 
fact that we could not identify relevant grey literature which was cited in included studies. 
Strengths 
The main strength of this review is that we exclusively focused on studies which considered 
both characteristics of neighbourhood SEP and the objective built environment 
simultaneously in multilevel models with the additional consideration of individual factors. 
We were able to analyse how these two neighbourhood dimensions were interrelated and 
interacted with individual variables. This systematic interaction analysis on both the 
neighbourhood and the individual level revealed new insight which role these dimensions 
play in epidemiological neighbourhood research and identified where further research is 
needed. A further strength is that the systematic search was not restricted to specific health 
outcomes or age and population groups. As a result, we could identify for which health 
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outcomes, health-related behaviours or population groups evidence is lacking or results are 
most inconsistent. 
Recommendations for future research 
Based on our results we suggest the following recommendations for future research: Firstly, 
the consideration of more than one environmental neighbourhood dimension is important for 
generating more evidence on how socioeconomic, built and social neighbourhood 
characteristics are associated with individual health. It offers the possibility to analyse 
mediating and interacting pathways. There is still a lack of knowledge to what extent the built 
environment mediates effects of neighbourhood SEP on individual health. Being aware of 
potential reciprocal relationships between neighbourhood SEP and the built environment 
provides a better basis analysing interactions with individual characteristics, such as sex, 
individual SEP or health behaviours. Increasing knowledge about the health impact of the 
built environment will contribute to the reconnection of urban planning and public health. 
There is an upcoming call in public health sciences that for a sustainable healthy city 
development there is a need for updating and refreshing the connection between urban 
planning and public health [24,75]. Moreover, conceptual models from the scientific field of 
risk assessment with a specific focus on different forms of vulnerability and cumulative 
environmental exposures on the individual and neighbourhood level may provide a good basis 
for identifying synergies between vulnerability analysis in epidemiology and cumulative risk 
assessment [76,77]. 
Secondly, there is a need to adhere to guidelines on how results from multilevel modelling 
should be reported. One key feature of multilevel models is that they are able to sort out 
variance components both on the neighbourhood and individual level which provide 
important information how individual health varies between and within neighbourhoods and 
how much of these variance can be explained by contextual factors. However, to give a 
systematic overview about variance components and to draw conclusions on how much of the 
built and socioeconomic environment contributes to health disparities was impossible in this 
review, because some studies reported measures on variance components and some not. 
Already existing glossaries and tutorials about multilevel modelling, which support a better 
reporting of multilevel results should receive more attention [12,78,79]. 
Thirdly, in some studies it was not clear what kind of cross-level or within-level interactions 
was analysed. Therefore, we encourage researchers to systematically report if and which 
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cross-level and within-level interactions were analysed regardless of their statistical 
significance. Moreover, most studies did not provide descriptive statistics about sample sizes 
of individual observations per neighbourhood cluster which is important for assessing 
potential bias of effect or variance estimates. Publishing such statistical information would 
make quantitative comparisons of multilevel models across studies easier. 
Fourthly, our review revealed a great heterogeneity of metrics and definitions of variables 
describing the built environment. The only and most consistent index across studies was the 
walkability index. More of such standardized indices measuring the built environment would 
increase comparability across studies. The application of GIS which are increasingly used in 
public health research can facilitate this development especially when distance based 
measures are developed. 
Fifthly, all of our identified studies, except of one, were cross-sectional and therefore results 
should be interpreted with caution. There is a need of conducting studies with a longitudinal 
design to prevent the problem of reverse causation. 
Finally, more studies considering both environmental dimensions are needed which focus on 
children, because they are more vulnerable to environmental burdens than other population 
groups [80]. Moreover, there is a lack of studies analysing how neighbourhood SEP and built 
environmental factors influence mental health outcomes, such as depression, or health-related 
risk behaviours, such as smoking or alcohol consumption. 
Conclusions 
This systematic review showed that a simultaneous consideration of neighbourhood SEP, 
built environmental characteristics and individual factors is important for analysing pathways 
how neighbourhood context influence individual health outcomes and health-related 
behaviours. There is a need for comparable studies considering multiple neighbourhood 
dimensions and analysing interactive and mediating processes both between contextual 
factors and individual characteristic and between contextual factors itself because our review 
identified mixed results. For an integrated analysis of both aggregated neighbourhood SEP 
and built environmental factors a multilevel modelling approach is appropriate because it 
allows to consider individual factors concurrently. This study design can generate more 
evidence to what extent the built environment mediates associations between neighbourhood 
SEP and health, and how individual characteristics, such as sex or individual SEP, act as 
effect modifiers in order to identify vulnerable neighbourhoods and population groups. 
91 
 
Acknowledgments 
We would like to express our gratitude to Tanja Brüchert and Josephine Göldner for assistance 
in title and abstract screening. Furthermore, we would like to thank the members of the Junior 
Research Group Salus (Jufo-Salus), especially Heike Köckler, Rehana Shrestha, Lisa 
Waegerle, Ursula Hemetek and Raphael Sieber, for their valuable comments on the first draft 
of this review. 
Jufo-Salus (Junior Research Group “The City as a healthy living environment independent of 
social inequalities”): TU Dortmund University, Faculty of Spatial Planning, Department of 
Urban and Regional Planning, Dortmund, Germany (Sabine Baumgart, Heike Köckler, 
Andrea Rüdiger, Raphael Sieber, Lisa Waegerle); University of Bremen, Faculty of Human 
and Health Sciences, Institute of Public Health and Nursing Research, Department of Social 
Epidemiology, Bremen, Germany (Gabriele Bolte, Ursula Hemetek, Steffen Schüle); 
University of Applied Sciences Fulda, Faculty of Caring and Health, Public Health Institute, 
Department of Health Promotion, Fulda, Germany (Beate Blättner, Ursula Hemetek); 
University of Twente, Faculty of Geo-Information Science and Earth Observation (ITC), 
Department of Urban and Regional Planning and Geo-Information Management, Enschede, 
Netherlands (Johannes Flacke, Rehana Shrestha)  
Literature 
1. Diez Roux AV (2001) Investigating neighborhood and area effects on health. Am J Public 
Health 91: 1783-1789. 
2. Diez Roux AV, Mair C (2010) Neighborhoods and health. Biology of Disadvantage: 
Socioeconomic Status and Health 1186: 125-145. 
3. Schreier HM, Chen E (2013) Socioeconomic status and the health of youth: a multilevel, 
multidomain approach to conceptualizing pathways. Psychological bulletin 139: 606-
654. 
4. Chaix B (2009) Geographic life environments and coronary heart disease: a literature 
review, theoretical contributions, methodological updates, and a research agenda. 
Annu Rev Public Health 30: 81-105. 
5. Daniel M, Moore S, Kestens Y (2008) Framing the biosocial pathways underlying 
associations between place and cardiometabolic disease. Health Place 14: 117-132. 
6. Voigtlander S, Mielck A, Razum O (2012) [Impact of small-area context on health: 
proposing a conceptual model]. Gesundheitswesen 74: 702-709. 
7. Bernard P, Charafeddine R, Frohlich KL, Daniel M, Kestens Y, et al. (2007) Health 
inequalities and place: a theoretical conception of neighbourhood. Soc Sci Med 65: 
1839-1852. 
8. Robert SA (1999 ) Socioeconomic Position and Health: The Independent Contribution of 
Community Socioeconomic Context. Annu Rev Sociol 25: 489-516. 
92 
 
9. Schulz AJ, Kannan S, Dvonch JT, Israel BA, Allen A, et al. (2005) Social and physical 
environments and disparities in risk for cardiovascular disease: the healthy 
environments partnership conceptual model. Environ Health Perspect 113: 1817-1825. 
10. Duncan C, Jones K, Moon G (1998) Context, composition and heterogeneity: using 
multilevel models in health research. Soc Sci Med 46: 97-117. 
11. Diez Roux AV (1998) Bringing context back into epidemiology: variables and fallacies in 
multilevel analysis. Am J Public Health 88: 216-222. 
12. Diez Roux AV (2002) A glossary for multilevel analysis. J Epidemiol Community Health 
56: 588-594. 
13. Macintyre S, Ellaway A, Cummins S (2002) Place effects on health: how can we 
conceptualise, operationalise and measure them? Soc Sci Med 55: 125-139. 
14. Diez Roux AV (2000) Multilevel analysis in public health research. Annu Rev Public 
Health 21: 171-192. 
15. Riva M, Gauvin L, Barnett TA (2007) Toward the next generation of research into small 
area effects on health: a synthesis of multilevel investigations published since July 
1998. J Epidemiol Community Health 61: 853-861. 
16. Sellstrom E, Bremberg S (2006) The significance of neighbourhood context to child and 
adolescent health and well-being: a systematic review of multilevel studies. Scand J 
Public Health 34: 544-554. 
17. Meijer M, Rohl J, Bloomfield K, Grittner U (2012) Do neighborhoods affect individual 
mortality? A systematic review and meta-analysis of multilevel studies. Soc Sci Med 
74: 1204-1212. 
18. Metcalfe A, Lail P, Ghali WA, Sauve RS (2011) The association between neighbourhoods 
and adverse birth outcomes: a systematic review and meta-analysis of multi-level 
studies. Paediatr Perinat Epidemiol 25: 236-245. 
19. Pickett KE, Pearl M (2001) Multilevel analyses of neighbourhood socioeconomic context 
and health outcomes: a critical review. J Epidemiol Community Health 55: 111-122. 
20. Black JL, Macinko J (2008) Neighborhoods and obesity. Nutr Rev 66: 2-20. 
21. Mair C, Diez Roux AV, Galea S (2008) Are neighbourhood characteristics associated 
with depressive symptoms? A review of evidence. J Epidemiol Community Health 62: 
940-946. 
22. Leal C, Chaix B (2011) The influence of geographic life environments on cardiometabolic 
risk factors: a systematic review, a methodological assessment and a research agenda. 
Obes Rev 12: 217-230. 
23. Schulz A, Northridge ME (2004) Social determinants of health: Implications for 
environmental health promotion. Health Educ Behav 31: 455-471. 
24. Northridge ME, Sclar ED, Biswas P (2003) Sorting out the connections between the built 
environment and health: A conceptual framework for navigating pathways and 
planning healthy cities. J Urban Health 80: 556-568. 
25. Van Holle V, Deforche B, Van Cauwenberg J, Goubert L, Maes L, et al. (2012) 
Relationship between the physical environment and different domains of physical 
activity in European adults: a systematic review. BMC Public Health 12: 807. 
26. Feng J, Glass TA, Curriero FC, Stewart WF, Schwartz BS (2010) The built environment 
and obesity: a systematic review of the epidemiologic evidence. Health Place 16: 175-
190. 
27. Galvez MP, Pearl M, Yen IH (2010) Childhood obesity and the built environment. Curr 
Opin Pediatr 22: 202-207. 
28. Ding D, Sallis JF, Kerr J, Lee S, Rosenberg DE (2011) Neighborhood environment and 
physical activity among youth a review. Am J Prev Med 41: 442-455. 
93 
 
29. Renalds A, Smith TH, Hale PJ (2010) A Systematic Review of Built Environment and 
Health. Fam Community Health 33: 68-78. 
30. Bolte G, Pauli A, Hornberg C (2011) Environmental Justice: Social Disparities in 
Environmental Exposures and Health: Overview. In: Editor-in-Chief:  Jerome ON, 
editor. Encyclopedia of Environmental Health. Burlington: Elsevier. pp. 459-470. 
31. Krieger N (2001) A glossary for social epidemiology. J Epidemiol Community Health 55: 
693-700. 
32. Krieger N, Williams DR, Moss NE (1997) Measuring social class in US public health 
research: concepts, methodologies, and guidelines. Annu Rev Public Health 18: 341-
378. 
33. Kirtland KA, Porter DE, Addy CL, Neet MJ, Williams JE, et al. (2003) Environmental 
measures of physical activity supports: perception versus reality. Am J Prev Med 24: 
323-331. 
34. Ball K, Jeffery RW, Crawford DA, Roberts RJ, Salmon J, et al. (2008) Mismatch between 
perceived and objective measures of physical activity environments. Preventive 
medicine 47: 294-298. 
35. Schaefer-McDaniel N, Caughy MO, O'Campo P, Gearey W (2010) Examining 
methodological details of neighbourhood observations and the relationship to health: a 
literature review. Soc Sci Med 70: 277-292. 
36. Shaw M, Galobardes B, Lawlor DA (2007) The handbook of inequality and 
socioeconomic position: concepts and measures. Bristol: Policy. 238 p. 
37. Bell BA, Morgan GB, Kromrey JD, Ferron JM (2010) The Impact of Small Cluster Size 
on Multilevel Models: A Monte Carlo Examination of Two-Level Models with Binary 
and Continuous Predictors. JSM: 4057-4067. 
38. Austin PC (2010) Estimating Multilevel Logistic Regression Models When the Number of 
Clusters is Low: A Comparison of Different Statistical Software Procedures. 
International Journal of Biostatistics 6. 
39. Maas CJM, Hox JJ (2005) Sufficient Sample Sizes for Multilevel Modeling. Methodology 
1: 86-92. 
40. Moineddin R, Matheson FI, Glazier RH (2007) A simulation study of sample size for 
multilevel logistic regression models. BMC Med Res Methodol 7. 
41. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P (2009) Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. BMJ 339: b2535. 
42. Van Dyck D, Cardon G, Deforche B, Owen N, Sallis JF, et al. (2010) Neighborhood 
Walkability and Sedentary Time in Belgian Adults. Am J Prev Med 39: 25-32. 
43. Van Dyck D, Cardon G, Deforche B, Sallis JF, Owen N, et al. (2010) Neighborhood SES 
and walkability are related to physical activity behavior in Belgian adults. Prev Med 
50 Suppl 1: S74-S79. 
44. Riva M, Gauvin L, Apparicio P, Brodeur JM (2009) Disentangling the relative influence 
of built and socioeconomic environments on walking: the contribution of areas 
homogenous along exposures of interest. Social science & medicine (1982) 69: 1296-
1305. 
45. Sundquist K, Eriksson U, Kawakami N, Skog L, Ohlsson H, et al. (2011) Neighborhood 
walkability, physical activity, and walking behavior: The Swedish Neighborhood and 
Physical Activity (SNAP) study. Soc Sci Med 72: 1266-1273. 
46. De Meester F, Van Dyck D, De Bourdeaudhuij I, Deforche B, Sallis JF, et al. (2012) 
Active living neighborhoods: is neighborhood walkability a key element for Belgian 
adolescents? BMC public health 12: 7. 
94 
 
47. Wen M, Zhang X (2009) Contextual effects of built and social environments of urban 
neighborhoods on exercise: A multilevel study in Chicago. Am J Health Promot 23: 
247-254. 
48. Owen N, Cerin E, Leslie E, duToit L, Coffee N, et al. (2007) Neighborhood walkability 
and the walking behavior of Australian adults. Am J Prev Med 33: 387-395. 
49. Moore K, Diez Roux AV, Auchincloss A, Evenson KR, Kaufman J, et al. (2013) Home 
and work neighbourhood environments in relation to body mass index: the Multi-
Ethnic Study of Atherosclerosis (MESA). Journal of epidemiology and community 
health 67: 846-853. 
50. Grafova IB, Freedman VA, Kumar R, Rogowski J (2008) Neighborhoods and Obesity in 
Later Life. Am J Public Health 98: 2065-2071. 
51. Wang MC, Kim S, Gonzalez AA, MacLeod KE, Winkleby MA (2007) Socioeconomic 
and food-related physical characteristics of the neighbourhood environment are 
associated with body mass index. J Epidemiol Community Health 61: 491-498. 
52. Wen M, Kowaleski-Jones L (2012) The built environment and risk of obesity in the 
United States: Racial-ethnic disparities. Health Place 18: 1314-1322. 
53. Ross NA, Tremblay S, Khan S, Crouse D, Tremblay M, et al. (2007) Body mass index in 
urban Canada: neighborhood and metropolitan area effects. Am J Public Health 97: 
500-508. 
54. Inagami S, Cohen DA, Brown AF, Asch SM (2009) Body mass index, neighborhood fast 
food and restaurant concentration, and car ownership. J Urban Health 86: 683-695. 
55. Prince SA, Kristjansson EA, Russell K, Billette J-M, Sawada MC, et al. (2012) 
Relationships between neighborhoods, physical activity, and obesity: A multilevel 
analysis of a large Canadian city. Obesity 20: 2093-2100. 
56. Prince SA, Kristjansson EA, Russell K, Billette JM, Sawada M, et al. (2011) A multilevel 
analysis of neighbourhood built and social environments and adult self-reported 
physical activity and body mass index in Ottawa, Canada. International journal of 
environmental research and public health 8: 3953-3978. 
57. Scott MM, Dubowitz T, Cohen DA (2009) Regional differences in walking frequency and 
BMI: what role does the built environment play for Blacks and Whites? Health Place 
15: 882-887. 
58. Slater SJ, Ewing R, Powell LM, Chaloupka FJ, Johnston LD, et al. (2010) The association 
between community physical activity settings and youth physical activity, obesity, and 
body mass index. J Adolesc Health 47: 496-503. 
59. Sallis JF, Saelens BE, Frank LD, Conway TL, Slymen DJ, et al. (2009) Neighborhood 
built environment and income: examining multiple health outcomes. Soc Sci Med 68: 
1285-1293. 
60. Williams BL, Pennock-Roman M, Suen HK, Magsumbol MS, Ozdenerol E (2007) 
Assessing the impact of the local environment on birth outcomes: a case for HLM. 
Journal of exposure science & environmental epidemiology 17: 445-457. 
61. Zeka A, Melly SJ, Schwartz J (2008) The effects of socioeconomic status and indices of 
physical environment on reduced birth weight and preterm births in Eastern 
Massachusetts. Environ Health 7. 
62. Genereux M, Auger N, Goneau M, Daniel M (2008) Neighbourhood socioeconomic 
status, maternal education and adverse birth outcomes among mothers living near 
highways. J Epidemiol Community Health 62: 695-700. 
63. Ponce NA, Hoggatt KJ, Wilhelm M, Ritz B (2005) Preterm birth: The interaction of 
traffic-related air pollution with economic hardship in Los Angeles neighborhoods. 
Am J Epidemiol 162: 140-148. 
95 
 
64. Reading R, Jones A, Haynes R, Daras K, Emond A (2008) Individual factors explain 
neighbourhood variations in accidents to children under 5 years of age. Social science 
& medicine (1982) 67: 915-927. 
65. Cummins S, Stafford M, Macintyre S, Marmot M, Ellaway A (2005) Neighbourhood 
environment and its association with self rated health: evidence from Scotland and 
England. J Epidemiol Community Health 59: 207-213. 
66. Matthews SA, Yang T-C (2010) Exploring the role of the built and social neighborhood 
environment in moderating stress and health. Ann Behav Med 39: 170-183. 
67. Freedman VA, Grafova IB, Rogowski J (2011) Neighborhoods and chronic disease onset 
in later life. American journal of public health 101: 79-86. 
68. Freedman VA, Grafova IB, Schoeni RF, Rogowski J (2008) Neighborhoods and disability 
in later life. Soc Sci Med 66: 2253-2267. 
69. Stafford M, Cummins S, Macintyre S, Ellaway A, Marmot M (2005) Gender differences 
in the associations between health and neighbourhood environment. Social science & 
medicine (1982) 60: 1681-1692. 
70. Yang TC, Matthews SA (2010) The role of social and built environments in predicting 
self-rated stress: A multilevel analysis in Philadelphia. Health & place 16: 803-810. 
71. Chuang YC, Cubbin C, Ahn D, Winkleby MA (2005) Effects of neighbourhood 
socioeconomic status and convenience store concentration on individual level 
smoking. J Epidemiol Community Health 59: 568-573. 
72. Pollack CE, Cubbin C, Ahn D, Winkleby M (2005) Neighbourhood deprivation and 
alcohol consumption: does the availability of alcohol play a role? International journal 
of epidemiology 34: 772-780. 
73. Dragano N, Hoffmann B, Mobus S, Moehlenkamp S, Stang A, et al. (2009) Traffic 
exposure and subclinical cardiovascular disease: is the association modified by 
socioeconomic characteristics of individuals and neighbourhoods? Results from a 
multilevel study in an urban region. Occup Environ Med 66: 628-635. 
74. Dragano N, Hoffmann B, Stang A, Moebus S, Verde PE, et al. (2009) Subclinical 
coronary atherosclerosis and neighbourhood deprivation in an urban region. Eur J 
Epidemiol 24: 25-35. 
75. Corburn J (2004) Confronting the challenges in reconnecting urban planning and public 
health. Am J Public Health 94: 541-546. 
76. deFur PL, Evans GW, Hubal EAC, Kyle AD, Morello-Frosch RA, et al. (2007) 
Vulnerability as a function of individual and group resources in cumulative risk 
assessment. Environ Health Perspect 115: 817-824. 
77. Levy JI (2008) Is Epidemiology the Key to Cumulative Risk Assessment ? Risk Anal 28: 
1507-1513. 
78. Merlo J, Chaix B, Yang M, Lynch J, Rastam L (2005) A brief conceptual tutorial on 
multilevel analysis in social epidemiology: interpreting neighbourhood differences and 
the effect of neighbourhood characteristics on individual health. J Epidemiol 
Community Health 59: 1022-1028. 
79. Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, et al. (2006) A brief conceptual 
tutorial of multilevel analysis in social epidemiology: using measures of clustering in 
multilevel logistic regression to investigate contextual phenomena. J Epidemiol 
Community Health 60: 290-297. 
80. Tamburlini G (2002) Children’s special vulnerability to environmental health hazards: an 
overview. In: Tamburlini G, von Ehrenstein OS, Bertollini R, editors. Children’s 
health and environment: a review of evidence A joint report from the European 
Environment Agency and the WHO Regional Office for Europe Environmental Issue 
Report No 29. Copenhagen: European Environment Agency. pp. 18–28. 
96 
 
Table 1. Search terms and Medical Subject Headings in PubMed. 
Search Query 
#1 
neighborhood [Title/Abstract] OR neighbourhood [Title/Abstract]  OR area 
[Title/Abstract]  OR place [Title/Abstract]  OR residence [Title/Abstract]  OR 
community [Title/Abstract]  OR region [Title/Abstract] 
#2 
multilevel [Title/Abstract]  OR multi-level [Title/Abstract]  OR hierarch* 
[Title/Abstract]  OR "multilevel analysis" [MeSH Terms] OR "Small-Area 
Analysis" [MeSH Terms] OR "mixed effect*" [Title/Abstract]  OR "random 
effect*" [Title/Abstract] 
#3 
"social environment*" [Title/Abstract] OR socioeconomic [Title/Abstract] OR 
socio-economic [Title/Abstract]  OR sociodemographic [Title/Abstract]  or socio-
demographic [Title/Abstract]  OR "social environment" [MeSH Terms] or 
"socioeconomic factors" [MeSH Terms] 
#4 
"physical environment*" [Title/Abstract] OR built [Title/Abstract] OR build* 
[Title/Abstract]  OR "living environment*" [Title/Abstract]  OR housing 
[Title/Abstract]  OR pollution [Title/Abstract]  OR burden* [Title/Abstract] 
Final search #1 AND #2 AND #3 AND #4 
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Table 2. Description of studies. 
Reference Health outcomes  Sample Country Design 
Neighbourhood factors Individual and further contextual factors considered in 
multilevel analysis Neighbourhood SEP Objective built environment 
 Physical activity, overweight, quality of 
life, and depressive symptoms 
      
De Meester, 
2012 [46] 
- Average activity level in counts per minute  
and moderate-to-vigorous physical activity in 
mean minutes per day assessed with 
accelerometer (continuous) 
- Reported walking, cycling, and sport during 
leisure time, and active transport to and from 
school in minutes per day (continuous) 
Adole-
scents 
(13-15 
years) 
N = 637 
Belgium Cross-
sectional  
Median annual household income Walkability index (residential density, 
intersection density, land use mix) 
Individual: educational attainment and employment status of 
parents 
Owen, 2007 
[48] 
- Reported walking for transport in minutes 
per week and number of days past week 
(continuous) 
 - Reported walking for recreation in minutes 
per week and number of days past week  
(continuous) 
Adults 
(20-65 
years)  
N = 2,650 
Australia Cross-
sectional 
Median annual household income  Walkability index (dwelling density, street 
connectivity, land use mix, net retail area) 
Individual: age, sex, education, annual household income, children 
in household, reported reasons for neighbourhood self-selection  
Prince, 2012 
[55] 
- Reported physical activity (dichotomous): 
inactive and moderately physical activity vs. 
high physical activity  
- Under-/normal weight vs. 
overweight/obesity (dichotomous)  
Adults 
(≥18 
years)  
N = 4,727 
Canada Cross-
sectional 
Index (households below the low-income 
cut-off, average household income, 
unemployed residents, residents with less 
than a high school education, single-
parent families) 
Number of winter indoor/outdoor facilities and 
summer outdoor facilities per 1,000 residents; 
green space and park area (km²); bike/walking 
path length (km); number of grocery stores, fast 
food outlets, convenience stores, restaurants, 
and speciality food stores per 1,000 residents 
- Individual: age, sex, education, household income, smoking 
status, season of data collection, community belonging 
- Contextual: councillor voting rates, crime, season  
Prince, 2011 
[56] 
- Reported physical activity (dichotomous): 
inactive and moderately physical activity vs. 
high physical activity  
- Under-/normal weight vs. 
overweight/obesity (dichotomous) 
Adults  
(≥18 
years)  
N = 3,514 
Canada Cross-
sectional 
Index (households below the low-income 
cut-off, average household income, 
unemployed residents, residents with less 
than a high school education, single-
parent families) 
Number of winter indoor/outdoor facilities and 
summer outdoor facilities per 1,000 residents; 
green space and park area (km²); bike/walking 
path length (km); number of grocery stores, fast 
food outlets, convenience stores, restaurants, 
and speciality food stores per 1,000 residents 
- Individual: age, sex, education, household income, smoking 
status, community belonging 
- Contextual: councillor voting rates, crime, season  
Riva, 2009 
[44] 
Reported number of 10-minute episodes 
walking in the last seven days (continuous): 
walking for any motive, utilitarian walking, 
recreational walking  
Adults 
(≥45 
years) 
N = 2,923 
Canada Cross-
sectional 
Percentage of residents with a university 
education 
Urbanity index (population density, land use 
mix, and accessibility to services) 
Individual: age, sex, education 
Sallis, 2009 
[59] 
- Moderate-to-vigorous physical activity in 
minutes per day assessed with 
accelerometer (continuous) 
- Reported walking for leisure and 
transportation (continuous): minutes per 
week   
- BMI (continuous)                                                              
- Overweight or obesity (dichotomous) 
- Obesity (dichotomous):  
- Reported physical quality of life 
(continuous)                                                    
- Reported mental quality of life (continuous)                                                     
- Reported depressive symptoms 
(continuous) 
Adults 
(20-65 
years) 
N = 2,199 
USA Cross-
sectional 
Median annual household income  Walkability index (residential density, retail floor 
area ratio, mixed land use, intersection density) 
Individual: age, sex, education, ethnicity, number of adults and 
motor vehicles in household, marital status, number of people in 
household, number of years living at current address, reported 
reasons for moving to neighbourhood 
Scott, 2009 
[57] 
- Reported number of days per week walking 
to school, to work, to a store, to the bus, to 
do an errand, or to a neighbour’s house 
(continuous)                                                                                                                                             
- Reported number of days per week walking 
outdoors just for exercise or pleasure 
(continuous)                                                                                                                  
-BMI (continuous) 
Adults 
(≥18 
years) 
N = 1,815
USA Cross-
sectional 
Index (adults older than 25 with less than 
a high school education, male 
unemployment, households with income 
below the poverty line, households 
receiving public assistance, households 
with children headed only by a female, 
median household income) 
Number of parks and markets in a one mile 
radius around home address, street 
connectivity, median block length, street density 
Individual: age, sex, ethnicity, income, access to car in the 
household, perceived neighbourhood safety, utilitarian and 
recreational walking considered as an adjustment variables in the 
final BMI model 
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Table 2. Continued. 
Reference Health outcomes  Sample Country Design 
Neighbourhood factors Individual and further contextual factors considered in 
multilevel analysis Neighbourhood SEP Objective built environment 
Slater, 2010 
[58] 
- Reported vigorous exercise (dichotomous) 
- Reported sports participation 
(dichotomous)  
- Reported physical activity participation 
(dichotomous) 
- BMI (continuous) 
- Obesity  
Students 
(13-16 
years) 
N =  
10,620 – 
36,929 
USA Cross-
sectional 
Median annual household income Number of physical activity outlets per 10,000 
residents, ratio of higher road classes to all 
other roads, compactness index (residential 
density and street connectivity) 
- Individual: sex, grade, ethnicity, parental education, student 
income, students work, mother´s work status, private or public 
school, region, year of data collection, perceived environment 
(physical disorder scale, physical activity setting scale, perceived 
neighbourhood safety 
- Contextual: community observations by trained field teams 
(advertising, recreational space, social interactions, events, safety, 
general upkeep of the area), 
Sundquist, 
2011 [45]                                                                                         
- Moderate-to-vigorous physical activity in 
minutes per day assessed with
accelerometer (continuous) 
- Reported walking for active transportation 
and leisure (continuous and dichotomous) 
Adults 
(20-66 
years) 
N = 2,269 
Sweden Cross-
sectional 
Median family income Walkability index (residential density, street 
connectivity, land use mix)   
Individual: age, sex, family income, marital status 
Van Dyck, 
2010 [42] 
- Sedentary time assessed with 
accelerometer: percentage of wearing time 
below 100 counts per minute (continuous) 
- Reported sitting time in the past 7 days in 
minutes per day (continuous)                                                              
Adults 
(20-65 
years) 
N = 1,200 
Belgium Cross-
sectional 
Median annual household income Walkability index (residential density, street 
connectivity, land use mix)   
Individual: sex, age, education, employment status, occupation, 
living with children 
Van Dyck, 
2010 [43] 
- Moderate-to-vigorous physical activity in 
minutes per day assessed with 
accelerometer (continuous) 
- Reported walking, recreation, and cycling 
for transport, and motorized transport in 
minutes per week (continuous)                                                                              
Adults 
(20-65 
years) 
N = 1,166 
Belgium Cross-
sectional 
Median annual household income Walkability index (residential density, street 
connectivity, land use mix)   
Individual: age, sex, education, working status, BMI 
Wen, 2009 
[47] 
- Reported number of weekly 
workout/exercise (dichotomous): one to 
three times vs. four times or more 
- Reported regular exercise past year 
(dichotomous) 
Adults 
(≥18 
years) 
N = 3,530  
USA Cross-
sectional  
Index (households with an annual income 
>$50,000, families below the poverty line, 
residents ≥25 years with college 
education, female-headed households, 
households on public assistance, 
neighbourly trust, norms of reciprocity, 
violence) 
Distance to subway and parks from the tract 
centroid; land use mix; number of art centres, 
cultural institutions, leisure venues, and 
entertainment facilities in a three-mile buffer 
from the tract centroid; number of restaurants 
and bars in a one mile-buffer; number of 
libraries, churches, and educational institutions 
in a two-mile buffer; number of health and 
human services in a three-mile buffer  
- Individual: age, sex, ethnicity, marital status, education, household 
income  
- Contextual: pedestrian injuries per 100,000 persons, residential 
density 
Inagami, 
2009 [54] 
BMI (continuous) Adults 
(≥18 
years) 
N = 2,156 
USA Cross-
sectional 
Index (residents below the poverty line, 
households headed by women, 
unemployed male residents, families on 
public assistance) 
Number of fast food outlets and number of total 
food outlets divided by census tract roadway 
miles   
Individual: age, sex, education, ethnicity, employment, marital 
status, annual household income, immigrant status, car ownership 
Moore, 2013 
[49] 
BMI (continuous) Adults 
(45-84 
years) 
N = 1,503 
USA Cross-
sectional 
Index (Sixteen variables of education, 
occupation, income, and housing value)  
Density of recreational facilities and healthy food 
environments in a one mile buffer around home 
address 
Individual: age, sex, ethnicity, education, household income, 
perceived neighbourhood environment (aesthetic quality, walking 
environment, healthy food availability), perceived neighbourhood 
safety and social cohesion 
Ross, 2007 
[53] 
BMI (continuous)  Adults 
(20-64 
years) 
N = 
32,964 
Canada Cross-
sectional 
Percentage of residents with low 
education, median household income 
Dwelling density (dwellings per square 
kilometre) 
- Individual: age, sex, income, education, marital status, smoking 
status, work-related physical activity, fruit/vegetable consumption, 
daily stress, immigrant status 
- Contextual: percentage of recent immigrants 
Wang, 2007 
[51]                                                               
BMI (continuous) Adults 
(25-74 
years)  
N = 7,595 
USA Cross-
sectional 
Index (median family income, median 
housing value, blue collar workers, 
unemployed residents, residents having 
less than high school education) 
Total number of stores and fast food restaurants 
divided by neighbourhood size including a half 
mile buffer zone around the neighbourhood; 
proximity to food store or fast food restaurant 
from home address 
Individual: age, sex, ethnicity, individual SEP index (household 
income and educational attainment), smoking status, physical 
activity, nutrition knowledge 
 
99 
 
Table 2. Continued. 
Reference Health outcomes  Sample Country Design 
Neighbourhood factors Individual and further contextual factors considered in 
multilevel analysis Neighbourhood SEP Objective built environment 
Grafova, 
2008 [50] 
- Under-/normal weight vs. 
overweight/obesity (dichotomous) 
- Under-/normal weight vs. obesity 
(dichotomous) 
 
Adults 
(≥55 
years) 
N = 
15,221  
USA Cross-
sectional 
- Index I (residents in poverty, residents 
≥65 years in poverty, households on 
public assistance, unemployment rate of 
residents ≥16 years, housing units 
without a vehicle, black residents) 
- Index II (upper quartile value of owner-
occupied housing units, families with 
annual income ≥$75,000, adults with a 
college degree)   
Street connectivity; number of food stores, 
restaurants and housing units per square mile 
and by population density; PM10; summer 
ozone average  
- Individual: age, sex, education, income, ethnicity, marital status, 
non-housing assets, region of birth, current region, self-rated health 
as a child, self-rated family SEP as a child, proxy response 
- Contextual: crime and segregation index, residential stability 
index, immigrant concentration 
Wen, 2012 
[52] 
Under-/normal weight vs. obesity 
(dichotomous) 
Adults 
(20-64 
years) 
N = 9,739 
USA Cross-
sectional 
Index (households with annual income 
≥$75,000, residents living in poverty, 
college-educated residents)  
Street connectivity, distance to closest seven 
parks from tract centroid   
- Individual: age, sex, education, ethnicity, poverty income ratio, 
smoking status, marital status, US-born  
- Contextual: Population density, ethnic heterogeneity, percentage 
of residents walking to work, age of neighbourhood buildings 
 Health outcomes and health related 
behaviours 
      
Cummins, 
2005 [65] 
Self-rated health (dichotomous): very good 
or good health vs. bad or very bad health                               
Adults 
(≥16
years) 
N =  
13,899 
Britain 
and 
Scotland 
Cross-
sectional 
Unemployment index based on claimant 
count 
Food score (number of multiple owned food 
stores), bank and building society score (banks, 
building societies and automatic teller 
machines), health service score (pharmacies, 
opticians, general practitioners, dental 
practices), public recreation score (public 
swimming pools, libraries, and attendance at 
leisure centres), physical environment score 
(missed waste collections, public sector housing 
vacancy rate, vacant and derelict land) 
- Individual: age, sex, social class, economic activity 
- Contextual: transport wealth score (high value cars), private 
transport score (number of cars per 1,000 population, number of 
private cars per 1,000 population, number of company cars per 
1,000 population), political engagement score (voter turnout), left 
wing political climate score (political party in power), crime score 
(sexual/indecent crimes, violent offences, constables/special 
constables by police force area, spending on police services per 
capita) 
Stafford, 
2005 [69] 
Self-rated health (dichotomous): very good 
or good health vs. bad or very bad health 
Adults 
(≥16 
years) 
N = 8,437 
Britain 
and 
Scotland 
Cross-
sectional 
Unemployment index based on claimant 
count 
Food score (number of Tesco, Sainsbury and 
Safeway stores), bank and building society 
score (banks, building societies and automatic 
teller machines), health service score 
(pharmacies, opticians, general practitioners), 
public recreation score (public swimming pools, 
libraries, and attendance at leisure centres), 
physical environment score (public sector 
housing vacancy rate, vacant and derelict land) 
- Individual: age, family type, sex, social class, economic activity 
- Contextual: transport wealth score (high value cars), private 
transport score (number of private cars per 1,000 population, 
number of company cars per 1,000 population), political 
engagement score (voter turnout), political climate score (left-wing 
political representation), crime score (reported sexual/indecent 
crimes, spending on police services per capita) 
Freedman, 
2011 [67] 
Reported chronic diseases (dichotomous): 
heart problems, high blood pressure, stroke, 
diabetes, cancer, arthritis 
Adults  
(≥55 
years) 
N = 
15,374 
USA Cross-
sectional 
-Index I (residents in poverty, residents 
≥65 years in poverty, households 
receiving public assistance, unemployed 
residents ≥16 years, housing units 
without vehicle, black population)                              
-Index II (upper quartile of the percentage 
of owner-occupied housing units, families 
with a total annual income of  ≥$75,000, 
adults with a college degree) 
Street connectivity, air pollution (PM10 and 
summertime ozone averages), density score 
(food stores, restaurants, housing units, and 
population density) 
- Individual: age, sex, ethnicity, marital status, education, mean 
assets in $100,000, income, smoking, region of residence, region of 
birth, self-rated health and SEP during childhood, proxy response 
- Contextual: Immigrant concentration, crime and segregation, 
residential stability 
Freedman, 
2008 [68] 
- Reported body limitations, such as climbing 
stairs, kneeling, crouching etc. 
(dichotomous) 
- Reported limitations of instrumental 
activities, such as shopping, cooking, etc. 
(dichotomous)  
- Reported limitations of daily living activities, 
such as bathing, dressing, eating etc. 
(dichotomous) 
Adults  
(≥55 
years) 
N = 
15,480 
USA Cross-
sectional 
-Index I (residents in poverty, residents 
≥65 years in poverty, households 
receiving public assistance, unemployed 
residents ≥16 years, housing units 
without a vehicle, black population)                              
-Index II (upper quartile of the percentage 
of owner-occupied housing units, families 
with a total annual income of  ≥$75,000, 
adults with a college degree) 
Street connectivity, air pollution (PM10 and 
summertime ozone averages), density score 
(density of food stores, restaurants, housing 
units, and population density) 
- Individual: age, sex, ethnicity, marital status, education, income,  
smoking, current region, region of birth, self-rated health and SEP 
during childhood, proxy response 
- Contextual: immigrant concentration, crime and segregation, 
residential stability 
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Table 2. Continued. 
Reference Health outcomes  Sample Country Design 
Neighbourhood factors Individual and further contextual factors considered in 
multilevel analysis Neighbourhood SEP Objective built environment 
Matthews, 
2010 [66] 
Composite health score (continuous): 
presence of any of six physical health 
problems and self-rated health (higher 
values indicate better health)                                                
Adults  
(≥18 
years)  
N = 4,093
USA Cross-
sectional 
- Index I (resident/room ratio, female-
headed households, unemployment rate, 
poverty, people receiving public 
assistance)                                                          
- Index II (residents with at least a 
bachelor´s degree, managerial or 
professional occupations) 
Daily vehicle miles travelled, toxic release 
inventory sites, residual waste operations 
facilities, medical resources index (licensed and 
staffed beds, licensed medical doctors, 
hospitals, patients ≥65 years receiving flu 
vaccine)  
- Individual: age, sex, ethnicity, stress level, marital status, 
employment status, retired, incapable of working, education, 
poverty status, religious service attendance, insurance and dental 
insurance, regular source of care, transportation difficulty in seeing 
a doctor, neighbourhood participation and trust 
- Contextual: residential stability, safety index (violent crimes, 
property crimes, missing persons) 
Yang, 2010 
[70] 
Self-rated day-to-day stress on a scale from 
1 to 10 (continuous): higher value indicate 
more stress    
 
Adults 
(≥18 
years)  
N = 4,095 
USA Cross-
sectional 
Index (female headed households, 
unemployment rate, poverty, residents 
receiving public assistance, median 
household income, residents with at least 
a bachelor´s degree)                                                                                                                 
Daily vehicle miles travelled based on length of 
road and average daily traffic estimate; toxic 
release inventory sites and residual waste 
operation sites  
- Individual: age, sex, ethnicity, marital status, employment status, 
education, poverty, food insecurity, health score (calculated from 
reported physical health problems and self-rated health), religiosity, 
trust in neighbourhood people  
- Contextual: crime, residential stability 
Dragano, 
2009 [73] 
Objective coronary artery calcification 
(dichotomous) 
Adults 
(45-75 
years) 
N = 4,301 
Germany Cross-
sectional 
Unemployment rate Individual distance to major road from home 
address (>100 m and ≤100 m) 
Individual: age, education                                                                                
Dragano, 
2009 [74] 
Objective coronary artery calcification 
(dichotomous) 
Adults 
(45-75 
years) 
N = 4,301 
Germany Cross-
sectional 
Unemployment rate Individual distance to major road from home 
address (0-50 m, 51-100 m, 101-200 m, ≥200 
m) 
Individual: age, education, economic activity, smoking, physical 
inactivity, overweight, hypertension, total cholesterol 
Chuang, 
2005 [71] 
Reported number of smoked cigarettes on 
average per day (continuous) 
Adults 
(25-74 
years)  
N = 8,121 
USA Cross-
sectional 
Index (residents with less than high 
school education, blue collar workers, 
unemployed residents, median annual 
family income, median housing value) 
Number of convenience stores per square mile, 
individual distance to nearest convenience store 
from home address, number of convenience 
stores in a one mile radius around home 
address 
Individual: age, sex, ethnicity, individual SEP index (education, 
poverty status based on federal poverty threshold) 
Pollack, 
2005 [72] 
Reported alcohol consumption 
(dichotomous): heavy alcohol consumption 
(>7 drinks per week for females; >14 drinks 
per week for males)  
Adults 
(25-74 
years)  
N = 8,197 
USA Cross-
sectional 
Townsend Material Deprivation Index 
(crowded occupied housing units, 
unemployed residents in the civilian 
labour force, tenant occupied housing 
units, occupied housing units without a 
vehicle available) 
Number of alcohol outlets per square mile, 
distance to alcohol outlet from home address, 
number of alcohol outlets  in a half mile radius 
around home address 
Individual: age, sex, ethnicity, marital status, individual SEP index 
(income and education) 
 Perinatal and child health       
Géneréux, 
2008 [62] 
- Preterm birth (dichotomous) 
- Low birth weight (dichotomous) 
- Small for gestational age (dichotomous) 
Life births 
N =  
99,819 
Canada Cross-
sectional 
Percentage of low-income families Individual proximity to highway from home 
address (distance ≤200 m) 
Individual: maternal age and education, infant´s sex, civil status, 
maternal country of birth, birth order, history of previous stillbirth,  
year of birth 
Ponce, 2005 
[63]                                                                             
Preterm birth (dichotomous)  Life births 
N =  
37,347  
USA Cross-
sectional 
Index (unemployed residents in the 
civilian labour force, households with 
public assistance income, families with 
income below the poverty line) 
Distance-weighted traffic density based on 
individual distance to roadways from home 
address and annual average daily traffic counts 
- Individual: Maternal age, education, and ethnicity, payment for 
delivery, prenatal care, infant´s sex, parity, time since previous life 
birth, previous low birth weight or preterm infant, year of birth, live 
near highway, air pollutants 
- Contextual: season 
Williams, 
2007 [60] 
Birth weight in grams (continuous) Life births 
N =  
13,559  
USA Cross-
sectional 
Percentage of residents below the 
poverty level 
Average atmospheric concentration of sulphur 
dioxide, lead and fine particulates around 
infant´s home; number of hazardous waste sites 
in a 5 kilometre radius around infant´s home 
Individual: maternal education and ethnicity, infant´s sex, previous 
infant delivery, previous infant >4,000 gram or <37 week, 
hypertension, oligohydramios, preeclampsia, previous non-live 
births, smoking, infants born from same pregnancy, other rare 
maternal risk factors 
Zeka, 2008 
[61] 
- Birth weight in grams (continuous)                                                           
- Small for gestational age (dichotomous) 
- Preterm birth (dichotomous) 
Life births
N = 
425,751 
USA Cross-
sectional 
Median annual household income Cumulative average daily traffic; individual 
distance to major highways from home address; 
percentage of open space designed for 
recreation, conversation, water supply, and 
forestry 
Individual: age of mother, maternal education, ethnicity, prenatal 
visits, gestational age, smoking during pregnancy, previous infant 
greater than 4,000 gram, previous preterm birth, chronic or 
gestational conditions of mother, year of birth 
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Table 2. Continued. 
Reference Health outcomes  Sample Country Design 
Neighbourhood factors Individual and further contextual factors considered in 
multilevel analysis Neighbourhood SEP Objective built environment 
Reading, 
2008 [64] 
- Reported number of child accidents by 
mother 
- Reported number of medical attended child 
injuries 
Children 
(0-5 
years) 
N = 
41,409 
Britain Longi-
tudinal 
Percentage of unemployed residents, 
percentage of social classes 4 and 5 
Road density of all roads, road density of major 
roads, percentage of detached and semi-
detached housing, percentage of terraced 
housing, percentage of purpose built flats, 
percentage of converted flats 
- Individual: child (age, sex, twin or triplet, ethnicity, physical 
activity, development, behavioural characteristics, motor functions, 
activity, risk avoidance, strength and difficulties, arguing with 
mother), mother (age, education, marital status, ethnicity, 
relationship status, partner moved out, lost partner, employment 
status, smoking status, alcohol and cannabis consume, depressive 
symptoms, significant life events, social support), partner 
(employment status, ethnicity, alcohol consumption), household 
(number and age of siblings, number of adults, lone parent, number 
of child caretakers, household income, financial difficulties, home 
owner, car), housing (rented, flat or room, garden, safety features), 
perceived neighbourhood environment (quality of neighbourhood, 
environmental problems, bus traffic, fear of crime, neighbourhood 
contacts), movement during data collection 
- Contextual: population aged 0-4 years, lone parents, movements, 
home owners, renters, overcrowded households, residents without 
a car, black population   
Abbreviations: 
SEP = Socioeconomic position; BMI = Body Mass Index; PM10 = quarterly measures of particulate matter at 10 µm or less 
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Table 3. Associations between socioeconomic and built environments and physical activity. 
Reference Outcomes* 
Neighbourhood SEP* Objective built environment* 
Interactions  
High 
SEP 
(Index) 
Low 
SEP 
(Index) 
High 
Income 
High 
Edu-
cation 
Walk-
ability 
Urbanity 
Index 
Bike/ 
walking 
path 
length 
Conn-
ectivity 
Comp-
actness 
index 
Land 
use mix 
Traffic/ 
air 
pollution 
Parks 
and 
green 
space 
Sport 
facilities  
Cultural/ 
edu-
cational 
institu-
tions 
Restau-
rants 
Fast 
food 
outlets 
Retail  Health/ 
human 
services  
Dis-
tance to 
parks 
Dis-
tance to 
subway 
De Meester, 
2012 [46] 
Average activity 
level 
  M                  ⊕ only in low income              
neighbourhoods MVPA   M                  
Walking, cycling, 
and sport 
  n.s.  n.s.                  
Active transport 
to and from 
school  
 
 
n.s.  n.s.    
 
   
 
  
 
  
 
  
Owen, 2007 
[48] 
Walking for 
transport (weekly 
minutes) 
 
 
n.s.      
 
   
 
  
 
  
 
 
⊕ only for people who 
choose place due to 
service access 
Walking for 
transport (weekly 
frequency) 
 
 
n.s.      
 
   
 
  
 
  
 
 
⊕ only for people with 12 
or more years of education 
Walking for 
recreation  
 n.s.  n.s.                 
Prince, 2012 
[55] 
Leisure time 
physical activity   n.s.     n.s.  
    n.s.  n.s. n.s. n.s.    ⊕ only for women 
Prince, 2011 
[56] 
Overall physical 
activity  n.s.     n.s.  
 
  1) n.s.  2) n.s. 3)  
 
 
1) ⊖ only for men; 2) ⊕ 
only for women; 3) ⊕ only 
for men 
Riva, 2009 
[44] 
Walking per 
week for any 
motive 
 
 
 ⊕  n.s.   
 
   
 
  
 
  
 
 
Not reported Utilitarian 
walking per week   
  ⊕  ⊕               
Recreational 
walking per week  
  ⊕  ⊖               
Sallis, 2009 
[59] 
MVPA   n.s.  ⊕                
No significant interactions 
detected 
Walking for 
leisure  
 n.s.  n.s.                
Walking for 
transportation  
 n.s.  ⊕                
Scott, 2009 
[57] 
Utilitarian 
walking n.s. 
      n.s.    n.s.         
⊕ only for non-Hispanic 
whites 
Recreational 
walking 
n.s. 
 
      
 
  n.s. 
 
  
 
n.s.  
 
 
⊖ only for African 
Americans (street 
connectivity (alpha index)) 
⊖ stronger for non-
Hispanic whites (block 
length) 
Slater, 2010 
[58] 
Vigorous 
exercise  
 n.s.      n.s.  n.s.  n.s.        
No significant interactions 
detected 
Sports 
participation 
  n.s.      ⊖  n.s.  ⊕        
Physical activity 
participation  
 n.s.      n.s.  n.s.  n.s.        
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Table 3. Continued. 
Reference Outcomes* 
Neighbourhood SEP* Objective built environment* 
Interactions 
High 
SEP 
(Index) 
Low 
SEP 
(Index) 
High 
Income 
High 
Edu-
cation 
Walk-
ability 
Urbanity 
Index 
Bike/ 
walking 
path 
length 
Conn-
ectivity 
Comp-
actness 
index 
Land 
use mix 
Traffic/ 
air 
pollution 
Parks 
and 
green 
space 
Sport 
facilities  
Cultural/ 
edu-
cational 
institu-
tions 
Restau-
rants 
Fast 
food 
outlets 
Retail  Health/ 
human 
services  
Dis-
tance to 
parks 
Dis-
tance to 
subway 
Sundquist, 
2011 [45]             
MVPA                                    
 
 
n.s.  ⊕    
 
   
 
  
 
  
 
 
No significant interactions 
detected 
Walking for 
active 
transportation 
 
 
n.s.  ⊕    
 
   
 
  
 
  
 
 
Walking for 
leisure   
 n.s.  ⊕                
Van Dyck, 
2010 [43] 
MVPA   n.s.  ⊕                
No significant interactions 
detected 
Walking for 
transport  
 ⊖  ⊕                
Walking for 
recreation  
 n.s.  ⊕                
Cycling for 
transport  
 
n.s.  ⊕    
 
   
 
  
 
  
 
 
Motorized 
transport  
 
⊕  ⊖    
 
   
 
  
 
  
 
 
Van Dyck, 
2010 [42] 
Sitting time   n.s.  ⊕                No significant interactions 
detected Sedentary time   n.s.  ⊕                
Wen, 2009 
[47] 
Weekly 
workout/exercise            
         n.s.    n.s. ⊕   n.s. n.s. n.s. 
⊕ mitigated for men 
Regular exercise 
past year 
         n.s.    n.s. ⊕   n.s. n.s. n.s. 
* a detailed description of variables is given in table 2 
Abbreviations: 
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index;  = Within-level interaction (interaction is specified in the interaction column);  = Cross-level interaction 
(interaction is specified in the interaction column); ⊕ = Significant positive association; ⊖ = Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction 
term 
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Table 4. Associations between socioeconomic and built environments and measures of overweight. 
Reference Outcomes* 
Neighbourhood SEP* Objective built environment* 
Interactions  High 
SEP 
(Index) 
Low 
SEP 
(Index) 
High 
Income 
Low 
Income 
Low 
Edu-
cation 
Low 
walka-
bility 
Bike/ 
walking 
path 
length 
Connec-
tivity 
Compa-
ctness 
index 
Traffic/ 
air 
pollution 
Dwelling 
density 
Density 
index 
Parks 
and 
green 
space  
Sport 
facilities  
Dis- 
tance to 
parks 
Res-
taurants 
Fast 
food 
outlets  
Retail 
Inagagami, 
2009 [54] 
BMI 
 ⊕              ⊕   ⊕ mitigated for car owners 
Moore, 2013 
[49] 
BMI 
⊖             ⊖    n.s. Not reported 
Ross, 2007 
[53] 
BMI 
  n.s.  ⊕      n.s.        No significant interactions detected by sex 
Scott, 2009 
[57] 
BMI 
  
 
 
 
     
 
    
 
 n.s. ⊖ only for non-Hispanic whites (alpha index) 
Wang, 2007 
[51]                                                               
BMI 
 ⊕  
 
 
 
  
 
  
 
 
 
  n.s. 
1) 
2) 
1) ⊖ only for women (individual proximity to 
ethnic markets and supermarket); 2) ⊕ only for 
women (density of grocery stores) 
Slater, 2010 
[58] 
BMI   ⊖      ⊖ n.s.   n.s.      
No significant interactions detected 
Obesity   ⊖      ⊖ n.s.   n.s.      
Sallis, 2009 
[59] 
BMI    ⊕  n.s.             
No significant interactions detected 
Overweight 
or obesity 
   n.s.  ⊕             
Obesity    ⊕  n.s.             
Grafova, 
2008 [50] 
Obesity ⊖ n.s.      n.s.    n.s.       ⊖ only for women (air pollution) 
Overweight 
or obesity 
⊖ n.s.      n.s.  n.s.  n.s.        
Prince, 2012 
[55] 
Overweight 
or obesity 
 n.s.     n.s.       n.s.  n.s.   ⊕ only for women 
Prince, 2011 
[56] 
Overweight 
or obesity  1)  
 
 
 
n.s.  
 
  
 
2) 3)  ⊖ n.s. 4) 
1) ⊖ only for men; 2) ⊕ for men and ⊖ for 
women; 3) ⊕ only for women (summer outdoor 
facilities); 4) ⊕ only for women (specialty stores) 
Wen, 2012 
[52] 
Obesity 
⊖       ⊖       ⊕    No significant interactions detected by sex 
* a detailed description of variables is given in table 2 
Abbreviations: 
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index;  = Within-level interaction (interaction is specified in the interaction column);  = Cross-level interaction 
(interaction is specified in the interaction column); ⊕ = Significant positive association; ⊖ = Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction 
term 
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Table 5. Associations between socioeconomic and built environments and health outcomes and health-related behaviours. 
Reference Outcomes* 
Neighbourhood SEP* Objective built environment* 
Interactions 
Low 
SEP 
(Index) 
High 
SEP 
(Index) 
High 
Income 
High 
unem-
ploy-
ment 
Walk-
ability  
Street 
connec-
tivity 
Traffic/ 
air 
pollution 
Waste 
sites 
Low 
public 
re-
creation 
score 
Low 
bank/ 
building 
society 
score  
Low 
environ-
ment 
score 
Low 
health 
service 
score 
Density 
index 
Distance 
to/num-
bers of 
stores 
Store 
density 
Alcohol 
outlet 
density 
Low 
food 
score 
Cummins, 
2005 [65] 
Self-rated health    ⊕     n.s. n.s.  n.s.     n.s. ⊕ stronger for non-working study participants 
Stafford, 
2005 [69] 
Self-rated health     1)     n.s. 1) 1) 1)     2) 
1) ⊕ only for women 
2) ⊕ only for men 
Freedman, 
2011 [67] 
Heart Problems  n.s.    n.s. n.s.      n.s.     ⊕ only for women 
Blood Pressure, 
Stroke, Cancer 
Diabetes, Arthritis 
n.s. n.s.   
 
n.s. n.s.    
  
n.s. 
    
 
Freedman, 
2008 [68] 
Body limitations n.s. ⊖    n.s. n.s.      n.s.      
Daily activity 
limitations  n.s.   
 
n.s. n.s. 
 
 
  
  
n.s. 
    
⊕ only for men 
Instrumental 
activity limitations n.s. n.s.   
 n.s. n.s.      n.s.      
Matthews, 
2010 [66] 
Health score  
⊖ M 1) 
 
   ⊖ M 2)  
 
 
  
    
 
1) ⊖ for high individual stress: mitigated in more 
affluent neighbourhoods; 2) ⊖ for high individual 
stress: stronger in areas with residual waste 
operations 
Sallis, 2009 
[59] 
Physical quality of 
life 
  ⊕  n.s.             
No significant interactions detected 
 
Mental quality of 
life 
  n.s.  ⊖             
 
Depressive 
symptoms 
  n.s.  ⊕             
 
Yang, 2010 
[70] 
Day-to-day stress 
n.s.      ⊕ ⊕          Not reported 
Dragano, 
2009 [73] 
Artery 
calcification 
  
  
 
 M    
       ⊕ only for women with a distance to major road >100 
m and ⊕ only for men with a distance to major road 
<100 m 
Dragano, 
2009 [74] 
Artery 
calcification 
   ⊕              ⊕ only for men with a distance to major roads ≤50 m 
Chuang, 
2005 [71] 
Smoking   
1)   
 
     
   
2); 3) 
4) 
5) 
 
 
 1) ⊖ stronger for high SEP individuals; 2) ⊖  stronger 
in high SEP neighbourhoods (individual distance to 
stores); 3) ⊕ stronger in high SEP neighbourhoods 
(individual number of stores around home address); 
4) ⊕ mitigated for high SEP individuals; 5) ⊕ 
stronger in high SEP neighbourhoods 
Pollack, 
2005 [72] 
Alcohol 
consumption 
 ⊕              n.s.  
No significant within or cross-level interactions 
detected 
* a detailed description of variables is given in table 2 
Abbreviations: 
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index;  = Within-level interaction (interaction is specified in the interaction column);  = Cross-level interaction 
(interaction is specified in the interaction column); ⊕ = Significant positive association; ⊖ = Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction 
term 
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Table 6. Associations between socioeconomic and built environments and perinatal outcomes and child health. 
Reference Outcomes* 
Neighbourhood SEP* Objective built environment* 
Interactions  SEP Index High 
Income 
Low 
income 
Unemploy-
ment 
Poverty Air pollution Traffic Proximity to 
highways 
Distance to 
highways 
Road 
density 
Waste sites Open 
space 
Building 
character-
istics 
Géneréux, 
2008 [62] 
Preterm birth 
  M 
 
     
 
  
 ⊕ only in neighbourhoods with a high 
income and for mothers with a university 
education 
Low birthweight 
  M 
 
     
 
  
 ⊕ only in neighbourhoods with a high 
income and for mothers with a university 
education 
Small for gestational 
age   M 
          
⊕ only in neighbourhoods with a high 
income 
Ponce, 2005 
[63] 
Preterm birth 
M             
⊕ only in low SEP neighbourhoods during 
winter 
Williams, 
2007 [60] 
Birth weight 
 
  
  ⊖ 
   
 n.s. 
 
 ⊖ stronger for individuals with rare 
maternal risk factors 
Zeka, 2008 
[61] 
Birth weight  ⊕     n.s.       ⊕ only for mothers with a high education 
Small for gestational 
age  ⊖  
   n.s.  n.s.   n.s.   
Preterm birth  n.s.     n.s.  n.s.   n.s.   
Reading, 
2008 [64] 
Child accidents and 
injuries    n.s.      n.s.   n.s. not analysed 
* a detailed description of variables is given in table 2 
Abbreviations: 
SEP = Socioeconomic position; MVPA = Moderate-to-vigorous physical activity; BMI = Body Mass Index;  = Within-level interaction (interaction is specified in the interaction column);  = Cross-level interaction 
(interaction is specified in the interaction column); ⊕ = Significant positive association; ⊖ = Significant negative association; n.s. = Not significant; M = Variable considered as a moderator via stratification or interaction 
term 
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Figure Legends 
Figure 1. Flow diagram of study selection. 
The diagram describes the information flow containing number of identified records, included 
and excluded records, and the reasons why records were excluded. The diagram was adapted 
from the PRISMA statements [41]. 
Supporting Information Legends 
Checklist S1. PRISMA 2009 checklist. 
Search queries S2. Search terms for PubMed, PsychInfo, and Web of Science. 
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Figure 1. Flow diagram of study selection. 
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Checklist S1. PRISMA 2009 checklist. 
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Search queries S2. Search terms for PubMed, PsychInfo, and Web of Science. 
PubMed (Advanced search) 
1)
 
(neighborhood [Title/Abstract] OR neighbourhood [Title/Abstract] OR area [Title/Abstract] OR place 
[Title/Abstract] OR residence [Title/Abstract] OR community [Title/Abstract] OR region 
[Title/Abstract]) AND (multilevel [Title/Abstract] OR multi-level [Title/Abstract] OR hierarch* 
[Title/Abstract] OR "multilevel analysis" [MeSH Terms] OR "Small-Area Analysis" [MeSH Terms] OR 
"mixed effect*" [Title/Abstract] OR "random effect*" [Title/Abstract] ) AND ("social environment*" 
[Title/Abstract] OR socioeconomic [Title/Abstract] OR socio-economic [Title/Abstract] OR 
sociodemographic [Title/Abstract] OR socio-demographic [Title/Abstract] OR "social environment" 
[MeSH Terms] OR "socioeconomic factors" [MeSH Terms]) AND ("physical environment*" 
[Title/Abstract] OR built [Title/Abstract] OR build* [Title/Abstract] OR "living environment*" 
[Title/Abstract] OR housing [Title/Abstract] OR pollution [Title/Abstract] OR burden* [Title/Abstract]) 
PsycINFO (Expert search) 
 ((neighborhood OR neighbourhood OR area OR place OR residence OR community OR region) AND 
(multilevel OR multi-level OR hierarch* OR "mixed effect*" OR "random effect*") AND ("social 
environment*" OR socioeconomic OR socio-economic OR sociodemographic OR socio-demographic) 
AND ("physical environment*" OR built OR build* OR "living environment*" OR housing OR pollution 
OR burden*)).ab,hw,id,ot,tc,ti,tm. 
Web of Science (Advanced search) 
TS=((neighborhood OR neighbourhood OR area OR place OR residence OR community OR region) AND 
(multilevel OR multi-level OR hierarch* OR "mixed effect*" OR "random effect*" ) AND ("social 
environment*" OR socioeconomic OR socio-economic OR sociodemographic OR socio-demographic) 
AND ("physical environment*" OR built OR build* OR "living environment*" OR housing OR pollution 
OR burden*)) 
 
1) Medical Subheadings were only available in PubMed and not in the two other database 
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Annex A.2  Neighbourhood socioeconomic context, individual socioeconomic 
position, and overweight in young children: a multilevel study in a 
large German city 
 
Reference: 
Schüle, S. A., von Kries, R., Fromme, H., & Bolte, G. (2016). Neighbourhood socioeconomic 
context, individual socioeconomic position, and overweight in young children: a multilevel 
study in a large German city. BMC Obesity, 3, 25. doi: 10.1186/s40608-016-0106-4 
 
Link to full article: 
https://bmcobes.biomedcentral.com/articles/10.1186/s40608-016-0106-4 
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Annex A.3  Built and socioeconomic neighbourhood environments and 
overweight in preschool aged children. A multilevel study to 
disentangle individual and contextual relationships 
 
Reference: 
Schüle, S. A., Fromme, H., & Bolte, G. (2016). Built and socioeconomic neighbourhood 
environments and overweight in preschool aged children. A multilevel study to disentangle 
individual and contextual relationships. Environmental Research, 150, 328-336. doi: 
10.1016/j.envres.2016.06.024 
 
Link to full article: 
http://www.sciencedirect.com/science/article/pii/S0013935116302596 
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Annex A.4  Relationship between neighbourhood socioeconomic position and 
neighbourhood public green space availability: an environmental 
inequality analysis in a large German city applying generalized linear 
models 
 
Reference: 
Schüle, S. A., Gabriel, K.M.A., & Bolte, G. (2017). Relationship between neighbourhood 
socioeconomic position and neighbourhood public green space availability: an environmental 
inequality analysis in a large German city applying generalized linear models. International 
Journal of Hygiene and Environmental Health, 220(4), 711-718. doi: 
10.1016/j.ijheh.2017.02.006 
 
Link to full article: 
http://www.sciencedirect.com/science/article/pii/S1438463916302632 
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Annex A.5  Mapping environmental inequalities relevant for health for 
informing urban planning interventions-a Case Study in the city of 
Dortmund, Germany. 
 
Reference: 
Flacke, J., Schüle, S. A., Köckler, H., & Bolte, G. (2016). Mapping environmental 
inequalities relevant for health for informing urban planning interventions-a case study in the 
city of Dortmund, Germany. International Journal of Environmental Research and Public 
Health, 13(7). doi: 10.3390/ijerph13070711 
 
Link to full article: 
http://www.mdpi.com/1660-4601/13/7/711 
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